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triliutiiin, tlie puLiUsburi liavc lieeQ enalilcd lo secure for tlies? slia^cs ihe 
best artistic and professional talent, to produce ibem In ihe most 
ckEBit style, nnd yclloolTur ibtiii a[ a price heretofOTC unapproacbed 
in cheapness. Tlie t,ient success of (be undertaking is il 
lij ihe fact ihnl the volumes have sircady apgieared in tbirteen differen 
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EDITOR'S PREFACE. 



The grrat value of Professor Haab's /I/Am of Oi'li/hrif- 
mcopy and Ofihthalmoscopic Ditignoma lias been fully 
Deatablishol, and cnlirely justifies an English translation 
F his latest edition. Not only is the student made ac- 
quainted with carefully pre|)ared ophlhalmoscopie draw- 
ings, done into well-executed lith(^raphs, of the moet 
important fundus-chatiges, bnt in many instanees plates 
Eof the microscopic lesions are a<lded. The whole fiir- 
Dishes u manual of the greatest posjiible service, not oidy 
Bio the Ijeginner in ophthalmic work, but to one who has 
already far advaqced and desires to compare the observa- 
■tions of his own service with thoise of the rich clinic 
rom which Professor Haab has gathered his plates. A 
figures have been added by the editor — namely, 
pthoee showing Angioid Streaks in the Retin:i, and the 
Ophthalmoscopic Appearances seen in Artcriosclenisis. 
As in the Atlas of External Dieeaseit of the Eye, produced 
under the same editorship, occa.siona] comments are placed 
in bracket?. It is sincerely trusted that this book will 
prove of great use to those who desire to study and teacli 
opbtbalroology. 
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PREFACE TO THE THIRD EDITION 



The necessity of {iriiitiiig a new edition of llie Atlas 
gave me the welcome opportunity to add nine new 
ophthalmoscopic figures, in the choice of wliich I have 
been to some extent guided by expressiune of opinion 
that have reached me from various quarters. Thus, some 
of the rarer ophtbulmuscopio pictures, as those of len- 
kemia and glioma, are now represented, I then selected, 
on the one hand, certain conditions of great practical 
importance, as the air-bubble in the vitreous after trauma, 
syphilitic disease of the retinal arteries, and a retinal 
detachment in tlic early stage; and, on the other hand, 
conditions which have rarely been illustrated, such as 
the peculiar senile pigmentation of the retina, ]>erfora- 
tions in the macula lutea, and the posterior vense vorti- 
cosje. To illustrate the hyaline IxKlici^ (drusen) in the 
lamina vitrea I chose a somewhat more typical picture. 

I trust that this third edition will prove no less satis- 
factory than its predecessors, 

0. HAAB. 



PREFACE TO THE SECOND EDITION. 



The kind reception accorded ti» this volume in varions 
countries induced me to make a iiiiraber of additions and 
corrections before the book went through the second 
' edition. Bei^ides adding to the text, I enriched the 
illustrated ^tortion of the work by a number of anatomic 
figures to illustrate the differences between normal and 
pathologic appearances of tiie eve-ground, Thoy are 
intended to explain the things seen under the micro- 
scope and their tojx^raphic relations, tliuR eunehtng the 
I student's pathologic knowledge and enabling him to in- 
' terpret more accurately the clinical pictures presented 
1 by the various diseases. 

A few of the original ophthalmoscopic pictures have 
been replaced by better ones, and two have been added 
that arc entirely new (retinitis circinata and true staphy- 
' loma in myopia). 

For the preparation of the anatomic figures I am 
lindebtfd to the skill of our academic artist, Mr. L. 
3chr5ter. 
Although the pupillometer (Fig, 80, a) does not, strictly 
Kf^ieaking, belong to the subject of ophthalmoscopy, I 
[bave, nevertheless, yielding to a long-ehcrisbed desire, 
»rporate(i it in this iMwk — which is, above all, in- 
tended for practical, every-^lay use — believing that many 
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practitioners who feel the necessity of determining the 
size of the pupil more accurately than is possible by 
mere inspection will find it a welcome addition to their 
clinical armamentarium. 

Finally, I wish to express my grateful recognition of 
the great care and effort bestowed on the preparation of 
this Atlas by tlie publisher. 

O. HAAB. 
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OPHTHALMOSCOPY. 



INTRODUCTION. 

ExAMIXATlON of the cvo-^roiiii(l In- mtans of tlio 
oplithalraosroiie is of ttio liigliest iinporiaiicp fur the 
recognition uot onlv of ruuuy afft'i-tioiis of the eye itself, 
but also of a great niimiier of discuses chiefly affecting 

I organs outside of the eve, as the bruin, the kidneys, 
or the circulatory Hystem, and endangering life either by 
disturbing the general nutrition or by setting np a general 
infection. The wide lym])h-spaces of the eye and the 
rich network of vessels in tlie retina offer a favorable 
Boil for the development of many |iath(^enic germs and 
toxic substances present in the boJv. Thic is especially 
noteworthy in syphilid, both in tlie hereditary and in 
the acquinnl variety, although the effects of tubercular 

I and rheumatic infection of the organism also not infre- 
quently manifest themselves in the eye. 

For these reasons ophthalmoscopic examination of the 
eye-ground is one of the miwt important methods of 
medical examination, Unfortnnately, it is also one of 
the most (iiliioutt. This is jiartly l>ecaHse the familiar7 
itv with the teehnic of the ophthalmoscope necesssiry for 
obtaining a clear image of the eye-ground requires a 
certain amount of training and practice, and partly 
because the correct interpretation of the ophthalmoscopic 
image is often a very difHcult matter. An astonishing 
variety of pictures may be seen in the interior of the eye. 
The image of the eye^round varies greatly even in con- 
ditions of health, and it is anything but easy for the 
beginner in the art of ophthalmoscopy to determine, 
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ID many instances, whether the conditions present are 
□oi-mul or [lathologic. If, for instance, he should de- 
scribe the fundus of the eye as " abnormally reddened," 
an expert wuuld know that he has to deal witli a 
beginner. 

Still more difficult is the interpretation of the numer- 
ous deviations from the normal which may be seen in 
the eye-ground. It is conijuratively easy for one who 
sees only the coarser variations, because he fails to utilize 
the instrument to its fullest extent, or because the in- 
strument itself is imperfect, or, possibly, because his eye 
is not sufficiently well-trained or is defective, or his ex- 
amination is too hasty. Even the expert often finds the 
greatest difficulty in seeing and «)rrectly interpreting the 
more minute pathologic alterations in the eye-ground. 
Practice and experience, both the examiner's own and 
that of other observers, in this, as in many other cases, 
will piTjve to lie the best guides. The latter may be 
either descriijcd in words or illustrated hy pictures which 
more or less faithfully repr(Khice pathologic alterations. 

Mere verbal descriptions are even more unsatisfactory 
than they are in other similarly complicated domains 
of medicine, especially if the student is imperfectly 
acquainted with the subject. Even topographical draw- 
ings of (jatholf^ic alterations in the eye are extremely 
complicated, and a correct description of the coloring is 
often extremely difficult or even in]|Kissil>le. Thus, a little 
more white, or a little more red or gray, may make an 
important difference in the appearance of the optic ner\'e, 
and may be enough to show the expert that he lias to 
deal with a serious condition, though to the inexperienced 
eye the appearance may bo normal. It is for this reason 
that the examination of the eye-ground by means of the 
ophthalmoscope offers an excellent means of training the 
eye for the perception of the finest shades of color — a 
tnost useful faculty for enabling one to rec<^nize many 
other morbid alterations iu the body. Black and white 
pictures of the eye-ground have, therefore, very little 
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value. They may reproduce tile drawing anil topip- 
raphy, but as thoy fail to give the important flement nf 
color, they can be understood and utilized only by one 
who already p<M!»esses a Mr knowledgt- of the conditions 
portrayed.' 

To supplement one's own observations and profit by 
those of others, one must use carefully colored illustrations. 

Although we already possess a great number of illus- 
Ir.itions of the eye^round, both in the usual atlases and 
In other works, I am none the less determined to publish 
iliis epilome and atlas of ophthalmoscopy. Tn the Hrst 
plaw, the pictures that exist, especially those that are 
scattered through the literature, are not accessible to 
everyone, and I find that many a picture which would 
be usefid to the student, tn the practising phyfician, or to 
the clinical teacher for the piirjK)se of study and demon- 
stration, is nut found in these works. Too many of the 
pictures reproduce rare conditions which even a man 
of large practice might not see more than once or twice 
in his espcrience. Again, many pictures of immense 
practical importance, e3])eeially such as illustrate sub- 
varieties and different stages of the same morbid process, 
are often left out. Thtis, for instance, it is im)>ossible 
to explain to the beginner the variations of the retina 
and optic nerve in albuminuria by means of one or two 
pictures, or the manifold forms of chnmic choroiditis 
with three or four illustrations. Accordingly, I have 
tried to avoid showing very rare conditions, and have 
inetead collected as many pictures of practical importance 
as possible. All the ophthalmoscopic images contained 
in this volume were drawn from life by myself in the 
course of my practice, and the original ophthalmoscopic 
pictures are also of my own preparation. In doing Ifiis 
work the sketch-book' was found extremely useful, 

I It is VFry mDoh lo be rrgrrttoti that tlie illastTBtioTiR iu the oxcpltpnt 
wiirk by Qnwers. AfntimJ Ophlhalinoiropg, are nut all coWinxl. 

• Strtrh-boot for Ophnialmatopie Obtermliimi of ihr F.^f-giouwd, second 
fdJUon, nubound. Published hy J. P. Lehman, in Muiiicli, lH9a. 
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because it combines rapid Gxec:utioD with the greatest 
jioasible degree of accuracy in reproducing the various 
shades of color. With the exception of tiirt-c (Figs. 10, i, 
38, and 44, n), all the origiual pictures iu this book have 
been prepared acconling to ray own method, and I am 
con^-inced that it is the easiest, and what is more impor- 
tant in dmwing from life, the quickest niethwl of obtain- 
ing a picture of all the altemtionis ween iu ihe eye-ground. 

To become an expert in the beautiful art of oplithai- 
moseopy it is necessary to do a great deal of drawing from 
life. I have become more and more eonviuced of this 
during the preparation of the pictures in the present 
volume. The eye-ground would lie studied with much 
more care if the student were to draw ' what he sees, and 
especially if he were also to reproduce the colors. The 
benefit derived from a course iu ophthalmoscopy will be 
very much greater if the student draws what he sees. I 
constantly regret that our medical studentfl are, as a rule, 
stJ badly instructed in the art of drawing, and that so few 
of them can be expected to produce a fairly decent pict- 
ure ; but even an imperfect picture is better than none 
at all for beginners. 

It is particularly desirable for the student and prac- 
tising physician to have his ophthalmoscopic pictures iu 
a more convenient form than the usual atla.^es, and the 
idea of presenting them in book form seems to me an 
excellent one. 

The pictures in this volume are represente*! as they 
appear in the inverted image ; that is to aay, with rawl- 
erate magnification, althougTi I, of course, also used the 
more highly magnified image obtainiMl by the direct 
method in pre|>ariug the sketches which are taken from 
life. The figures, therefore, present a moderately en- 
larged image of the eye-ground, leaving out many con- 



■ketchcs Rh&rpens his jkiwbib of ubserTatlon sad imprcBses the picture 
more flrml.r an his memory. If we Intend to draw n tjiing, we are forced 
l» obaervo it much more sEuumteljr." 




INTIiODUCTION. 

BtioDs which natiimlly confuse the bpginncr and are 
■nnccGssary for the esiwrt, such, for ioatante, as tlie 
Teflexce of the retina and vessels, and the delicate, irreg- 
ular mosaic arrangement of the pigmontatinn of the 
Aindim, etc. These details, which are seen chiefly in the 
upright image, are very troublesome to reproduce in 
lithographic plates, cfspeeially when one con:?iders that 
the lithographic reproduction of even a small image of 
the eye^roHud presents great diiStulties. I Iherefore 
directed all my efforts to obtaining in every instance an 
aiwohitcly faithful reproduction of whatever is typical 
or pathologic. The pictures have been so colored that 
when seen in daylight they produce the impression re- 
ceived in looking at the eye-ground with artificial light; 
in other words, the whitish parts (optic nerve, etc.) when 
seen by daylight are not as yellow as they are in the 
original sketches, which were made by artificial light. 
In an artificial or yellow light a raodenitely deep yellow 
color appears white, hence pictures prcpare<l by artificial 
light are too yellow and must be made more white if they 
are to produce tiie same impression by daylight. The 
pictures in JageHs lai^ atlas are colored in such a way 
that they appear correct by artificial light; but if they 
are examined by daylight the unnaturally yellow color 
of the lighter portions becomes a disturbing factor. My 
pictures, on the contrary, are a little too white by artificial 
light, but to judge from all the pictures in ordinary use 
this is neither a serious nor a disturbing defect. In his 
smaller atlas Jager, in accordance with the custom which 
sn>9e later, also made his pictures more white; but, it is 
to bc^ remembered that .lager's pictures were prepared 
with Helmholtz's ophtbiilmoscope, bo that in many of 
them the gray, and jtarticularly the green, shades in the 
optic disk are nnu.sually prominent (for instance, in the 
picture of glaucoma). In my pictures the coloring is 
such nn it api>ear8 with the stronger ophthalmoscope, 
wbicli, for reasons to be given later, I use exclusively 
\ the examination of the eye-ground. 
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DESCRIPTION OF THE OPHTHALMOSCOPE. 

B<.'fr>re tlie invoiitioii of tlip onlitlialmoscope by H. v. 
Helmholtz, in 1851, our knowlcdgo of the interior of the 
eye in the living subject waa as dark as the pupil itselC 
Until the invention of our beautiful instrument the world 
had no conception of the interior of the eyeball as i 
now see it with the ophthaluiosGope in all its lucidity ai 
wealth of coloring. Mo8t of the pathologic altcratioof 
visible by means of the ophthalmoscope were not even 
properly known at that time. 

Why is it that we cannot witliout the aid of an apprcH 
priate instrument penetrate into the depths of the eyal 
Why is it that the interior of the eye and the pnint 
appear black except in a man or animal devoid of^ pig^i 
ment (albino)? 

The conditions are exactly the same as when we loolc 
into a camera obscura — an, for instance, a photogni]dlil| 
apparatus open and ready for the reception of ai ' 
although we know tliat on the sensitive white plate at ti 
back of the instrument there is an accurate colored imag 
of the objects in front of it, we cannot see a trace eitltfl 
of the white plate or of the picture. To us the interio 
of the camera and the opening through which the rays o 
light enter appear black, and all that we see in the lei 
occupying this opening is a minute image of ourselves 
Huch as may be seen in the cornea of the eye. 

No one acquainted with the most elementary laws of 
optics will have any difficulty in understanding why the 
pupil appears black, and why, without special instru- 
menta, we are unable to look into the interior of an 
eye. As in the camera obscura, the refracting system 
of the eye, which is a double lens consisting of the cornea 
and aqueous humor, throws a reduced inverted image on 
the retina. This image appears sharply outlined if the 
eye is projXTly focus,«Hi for the object, and blurred — that 
is to say, in diffusion circles — when the eye is not prop- 
erly focussed, just as in the phott^raphic camera. 
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Now we leam from one of the laws of the refraction 
lenses that object and image bear a definite relation lo 
each other — they are said to lie reciprocal or conjugate — 
so that they may be interchanged without necessitating 
any alteration in the dioptric system or in the distances 
from the lens to the object and to the image. If in a 
dark room we obtain on the disk of ground glass a clear 
image of a candle held at a distance of one meter in front 
of tne object-lens, and then pnt the light in the place of 
the ground glass, we will get a clear image of the flame 
by holding the gronnd glass where the light originally 
Wits, that is to say, one meter in front of the lens. In 
other words, we may reverse the positions of the candle 
and of the ground glass, and in each case obtain a sharp 
image of the candle, providing we retain the original dis- 
tances — in the former ca.se behind, and in the latter in 
front of the lens. The rays of light emitted by the image 
on the ground glass, after leaving the ap|iaratns, all return 
to the tlame of the candle. But as our eyes do not send 
out any rays of light when we look into a dark chamber, 
they cannot receive any rays in return ; hence the open- 
ing of the camera and the object-lens appear dark, and 
in the same way the opening of the eye into which we are 
n other words, the pupil also appears dark. 

If, however, rays of light are sent out from the ob- 
■er's eye, the rays which enter the observed eye return 
to the eye of the observer, and the pupil of the observed 
eye appears red like that of an albino. Before the inven- 
tion of the ophthalmoscope an erroneous theory was cur- 

Dt that the pigment of the fimdus absorbed all tlie light 

it enters the eve, and the pupil of a pigmented eye there- 
appeared black. If the eye-ground of a normal eye 

illnminated by rays emeiging from the observer's eye, 

lugh rays will l»e reflected by the eye-gronnd, which 
pigmented eye is not entirely black, to enable 
observer to get a clear image of the other eye. On 
other hand, the pnpil of an albino is red,- not because 

any want of pigment in the fundus, but because of the 
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abseiww of pigment in front, so that the rays of light t 
through the iris, ctclera, and i-horoiti, and illiiDiiuat« tl|j 
eye at every point instead of only at the focus of the r 
fleeting media. In Biich eyoH there is no reciprocal rein 
tion between the object and the image ; the rays emern 
from the pupil in all directions, and thf^ latter appears ii 
a red light because the eye-ground of the albino (in man, 
in the white rabbit, etc.) is colored red by the numerous 
blood-vessels of the choroid. If in the albino the light 
is prevented from entering the eye in this abnormal way 
through the unpigmentcd tissues outside the pupil, and 
the pupil is then examined, it will appear as dark as in 
the ordinary individual. This can be done by holding 
immediately in front of the albino's eye an o^wque cup 
witli an opening corresiK)nding in size to the pupil. If 
the light is allowed to enter only thmugh this opening 
and through the pupil, the latter will apiwar as b]a(£_ 
as that of a pigmented eye. 

Now we can by means of any simple device, and I 
by means of the oplithalmojjcope, send out light from fl 
own eye. Even an ordinary glass disk held in front fl 
the eye, by virtue of its reflecting qualities, will dir 
into the eye the rays emanating from a light standingH 
one side. If the light is placed to the left of the per"^ 
examined, and the glass difk is turned slightly tow 
the lamp, so that the reflection of the light falls on t ^ 
observed eye, the pupil will immediately appear red wh^^ 
seen through the piece of glass (cf. Fig. A). As the rayd 
coming from the lamp {L) are in i^mrt reflected into th« 
observed eye by the glass disk, they enter it in such a' 
way that tJiey appear to come from a jxtint behind the ' 
observer's eye, tliat is, from the point /vj, which would 
correspond to the reflected image of the lamp. Since 
they enter the observed eye they illuminate the eye- 
ground. If the eye is focusaed for the distance of tlie 
reflecte<l image of the lamp, a clear image of the lamp 
will be produced on the fundus; but if the eye is not 
Cicusscd for this distance, the image will be blurred. In 
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my case a certain portion of the eye-ground of tbe ob- 
lerved eye is illuminated and thereby enabled to send 
' ick rays of light. These rays return to the object — in 
') case the flame of the lamp. As the disk of glass 
Pbot only reflects but also transmits light, a portion of the 
rays returning from the observed eye pass through the 
glass and enter the observer's eye, while the remainder 
are reflected toward the lamp and lost to the observer. 

(But the amount of light entering the observer's eye in 
s way is very slight and tbe illumination of the pupil 

Fig. a. — ninm I nation of the cje undtr eiamiDBtiun I fM.) bf meuu 
of the tdaw dUk, 01.: two of the isfs comiiiK from a point in the light 
(/.) >re shown ; one of these ra}'^ after bvioK reflected by tha glas plate, 
mines tbe eye; p«rt of the other ray patues through the yilasa (Gt.) and is 
lost to the obBervercBr.). whjio the remainder is rellt(-(e<l ioto the eye of 
tbe peraiia eiamineil (tV), relnniB by the same path, aod entetB the eye 
of lie obnerver in the direction of U, the refiefled image of the eye ; S. B, 
perpend iculani to Gl. 

[f the observed eye correspondingly weak. The light 
ly be increased by adopting Helmholtz's plan of laying 
reral glass disks one upon the other, but even with such 
in arrangement the amount of light entering the observer's 
eye is comparatively small. A much better result is ob- 
tained by thniwing more light into the observed eye, so 
that the eye-ground is more powerfully ilhirainate<l and 
accordingly sends back more light, and, secondly, by 
allowing the returning rays to enter the observer's eye 
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without being weakened j that is to say, through i 
iu the mirror. 

Accordingly, Helmholtz's disks were soon replaced by 
a true mirror which throws much more light into the eye. 
By scraping away the coating from a small spot in the 
center an opening was obtained for the returning rays to 
enter the observer's eye, The amount of light entering^ 
the eyes, both of the observed and of the observer, mar 
be still further iucreaBed by using a concave mirror which 
concentrates tlie light before throwing it into the observed 
eye, and by making au actual opening at the center of' 
the mirror, so that the returning rays meet with even less 
resistance in their pas.sage through the mirror. 

By thus illuminating the eye with the rather weak 
Helmholtz ophthalmoscope, or better, with the somewhat 
stronger but still comparatively weak plane mirror, or»; 
best of all, with a powerful concave mirror, we oas 
obtain a distinct view of the otherwise- invisible cys- 
ground. As the illuminated fundus sends out rays of 
fight which enter llie observer's eye in the manner ex-, 
plained, it is evident that the observer obtains in his onoii 
eye a clear image of the eye-ground observed. The fwx* 
dus of the observed eye is converted into a luminot 
object which we can see like any other object in the ontni 
side world. Strictly speaking, however, we see the eye- 
gronnd aH we see an object through a magnifying glass, 
the reflecting media of the oliserved eye forming a tena 
through which we see the individual jwrtions of the eye- 
ground under a high magnification. Some persons require 
additional aids to obtain a clear view of tlie eye^ronnd 
by the method just described. 

This method of examination is knovrn as the direct. 
mdhod or the method villi the erect image. It is called 
the direct method because it enables a normal eye to 
examine another normal or hypermetropic eye without 
any additional aids. It is called the examination with 
the erect image because we see tlie eye-ground right side 
up like any other object in the outer world. 
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I. EXAMINATION IN THE ERECT IMAGE. 

Without certain devices io alter the direction of the 
rays of light emerging from the patient's eye, this 
method of examination is often impossible, and this 
brings us to a further and very important feature of 
opliuialmoscopic examination. 

It appears that the ophthalmoscope not only enables 
as to see the things which are to be seen in the eye- 
grouud, but also furnishes us with the means of accurately 
measuring the refracting power and the structure of the 
observed eye; and these data are most valuable, since 
they are entirely objective aud render us independent of 
the patieut's stutements. To do this we use our own eye, 
the refractive system of the eye examined, and possibly 
certain convex or concave lenses, and thus calculate id 
,ibe simplest possible manner the optical power of the 
■rved eye. 

To understand this it is necessary first to consider the 
manner in which the entering rays leave the eye in the 
case of a normal, a myopic, an<l an hypermetroitic organ. 

As has been exjilaineti above, the rays of light always 
return to tlie point from which they have come and on 
which the eye is therefore focussed — in the above exam- 
ple the flame of a candle fixed at a distance of one meter 
in front of the eye. In this case the eye is aceommodttted 
ifor the distance of one meter. An emmetropic eye with- 
But Bocommodation is, of course, focussed for infinity ; 
Itfaat is to say, for parallel rays. The fundus of such an 
eye, therefore, reproduces a clear image of all objects 
sending out prallel rays of light ; in other words, of all 
distant objects. As the diameter of the pupil is very 
small, an object may be considered distant if it is 3 to 5 
away from the eye ; tliat is to say, the error of 
lidering rays coming from such a i>oint as parallel 
I is infinitesimal ty small. When, therefore, an em- 
letropic eye looks into infinity or looks at an object 
5 meters away, the niys of light leaving the 





illuminatod eye-ground also return to infinity and 
therefore jmniHil (cf. Fig, C). It follows tliat if -we 
exBiiiiDG ail em met ni mo eye by the abovc-dcso.rihed direct 
method, the rays of light emerging fnim the eye imme- 
diately form a clour iniiige of the fundus on the obiierver's 
eye, providing the observer also looks into iufinity; in 
other words, adjusts his eye to jwirallel rays. If the 
observer occommodutcs instead of looking into in&iity, 
he will obtain a blurred image of the observed eye- 
ground; but as in onler to look into an vye one has 
to get as near to it as possible, just as when looking into 
a room through a key-hole, it is somewhat difficult to 
relax the accommodation. This is one of the greatest 
difficulties encountered by the beginner in attempting to 
examine by die direct method. 

It is, however, absolutely indispensable if lie wishes to 

obtain a correct measurement of the refraction of the 

observed eye ; in other words, the observer's eye, io 

order to measure the refraction of another eye, mual i 

relax ita accommodation com]>leteIy, because it is impo»- 

sible to calcukte the increase in the refractive power rf 

the observcr'a eye due to the accommodation. We can 

measure our own accommodation only when we know for 

what distance, that is to say, for what degree of diver- 

. gence of the rays entering our own eye, it is focnssed ; but 

' me very object of an examination by the direct method 

^ 18 to determine the divcrgt-iice of the rays of light whidi 

leave our own eye. 

It follows from wliat has been said that the observer 
must know the exact rcfnictivo power of his own eye in 
order to lie able to measure that of the patient's eye. If 
the ohecrvcr is emmetropic, he geta a clear imago of the 
eye-ground of the patient's eye without any further ap- 
pliances. If he is myopic, he will obtain a blurred 
image, as everything that sends out parallel rays, or in 
other words, is at an infinite distance from his eye, 
apprars blurre<l. To see distant objects the myope 
needs spectacles with concave lenses ; hence to examine 
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EXAMJSjnoy ts tbe ebbct huge 

bj the dirert mrtimd the Byom moit abo mat u a 
lag glass, which b^ places bdnnd tfae ly iiiat ia Ac opb- 
thalmoecopF, if he widire U) dMaiB a dear ^Mge of Ife 
«Te-^roaad of the emmelropic cjc 

If tbe observer ia hTpennetrDfae, be » in Ae mmt 
positioa when he anempt? tn cxaaiiae by tbe Snet 
method as wbeo be lonka into iafiid^ ; be amO, rbs 
his eye is not foenscd lor jmrmlM w*^ either wnr a 
eorrectiDg glass with euivez lefues or aeeoB^udale. 
But as be is not. allowed to nsort to tbe latter expe- 
dient, be mast, dnrii^ the ezamiaatiofi, nae a ^MS 
which oompletelj comets hk hi}iuiBLtn)|Ma. His ^- 
permotropia ranat be cumpletelT conccted, wa that be 
may not be Ibroed to compensate for sune i 



d^ree of bypenitetropia l>r usiiw bb 
Hub is patticalarfy difficoli for die bvpemetnipe, he- 
eause be has beoome so acctBtomed to Gomct tm optioU 
error bf acoomaiodatii^ that be fiads it verjr dificolt to 
sobadtote a oonectuig leas ibr his power of aopnmipoda- 
tioB. He ooDtinnes to aoeaauoodale even when looUae 
Ihrai^ the coTTccting leno — at ka«t to some extent — aaS 
is aoeordiiigly over-^onccted. This is particolariT tbe 
esse in l^fa pniea of hjpetBetmpia when the iodiridaal 

L is yoaag aotT tbe power at aceomaiodstioa is we0 pre- 

kaervetL 

f Sargeoas with moderate bTpennetmpta are, themfere, 
often compelled to report to smac other Rwaas of tneau- 
nring the redaction if iher do not wi»b to depend on ibe 
DatieDt's sUteroeot — eiil>er lo Srhinidt-Riinpler^s m^tbcMl 
tn means of the inverted image, or lo tbe shadow-test. 

I ^cse two methods will be (]isc»<ised later. 

I We have ashamed up lo (his point that the person 

r examined is emmetropic and that the observer is emme- 
tropic, mTopJi', or hypermetropic. What is tbe conrlitioa 
of afiairs wlien il is desired to examine an ere wiifa ab- 
Dormal refraction? Wc mnst first determine in what 
way the rare emitted br an illaminated efe-fTouod leave 
tiie eye in the case of myt^iia or bypennetropia. Again, 
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we assume that the ametropic eye under examination looks 
into infinity, bo that the accomniodation, which we cannot 
compute, may be disregarded iu the caleulation. The 
|»ttient, whether he be emmetropic or ametropic, must 
always relax his accommodation while his refraction is 
beiug taken. 

Meaaurement of the Myopic Eye. 

A myopic eye, when it in not accommodating, is 
focussed for a point at a finite dislaiice, depending on 
the degree of myopia. This point is known as the /nr 
■point (punctum remotiim). It is the farthest point at 
which an eye of this kind sees distinctly. Only those 
rays which come from this point are collected on the 
retina and form there a distinct image, when the eye is 
looking into infinity without accommodating^. Rays com- 
ing from a more remote point are focussed in front of 
the retina, and the image funned on the retina is blurred. 
The reason that the image is formed in front of, instead 
of on the retina, as in the normal eye, is usually that tim 
myopic eye is too long (cf. Fig. D) or that the refracting 
power of the lens is too groat. In order to see distant 
objects distinctly, the myopic eye must be corrected by 
means of a concave lens which weakens the refraction, so 
that the entering rays arc focussed on the retina, behind 
the focus of the lens. 

Let ns now consider how the rays emanating from an 
illuminated portion of the eye-ground in a myopic eve 
leave the eye after traversing the refractive media in the 
contrary direction. If the eye does not accommodate, 
they will tend to converge at the far point (cf. Fig. D), 
since the far point is at a finite distance from the eye 
(a', b', plane of the far point). If the far jioint is situ- 
ated at a distance of one meter from the eye, the degree 
of myopia is equivalent to a. lens of one-meter focus 
(diopter), and the error in such a case is corrected by 
means of a lens having a focal distance of one meter. If 
the far point is situated at 0.5 meter from the eye, the 
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BTTor is twice as great and the correcting glass must be 
twice as strong ; that is, a glass equivalent to two meter- 
leoses or diopters ; or, in other wonis, a lens having a 




1 the erect image wben tbe eye eiam- 



hypeflDetRipiB tbej diverge after leaving tbe eye. in emmetrupiB they 
trt parallel, in myopia they converge: /. the posterior fotuB; H, priu- 
~'|i4l plane of the dioptric system or ihs examined eye ; St.. ubsGrret. 
'e ophthaliDosciipe ii not shown. 

dintance of 0.5 meter. If the distance of the far 
is ^ meter = 25 cm., the degree of myopia is four 
as great = 4 diopters, and the correcting glass must 
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have a focal length of ^ meter — 25 em., etc. In the lut 
case, for instance, the myopia is corrected by a concave 
lens of 4 D (with a focal distance of 25 cm.), because 
such a glass when held immediately in front of the eye 
renders parallel roys coming from infinity so divergent 
that they appear to come from the far point of the 
eye, which is at a distance of 25 cm. ; fur a concave 
lens of 4 D lends such a degree of divergence to entering 
parallel rays of light that they seem to come from the 
focus of the lens (= 25 cm,). 

It follows, therefore, that the rays of light leaving a 
myopic eye converge to the fiir point. If, therefore, a 
normal eye is placed behind the ophthalmoscope it will 
not see anything of the eye-ground, since it is not focossed 
for convei^ing rays of light, for converging rays do not 
occur in nature without a special cause. The examiner's 
eye, therefore, requires an additional lens behind theoph- 
thaimosco|>e of such a strength as completely to correct 
the myopia of the examiTied eye ; or, in other words, to 
render parallel the raya which emerge from the examined 
eye, since the normal eye is foeussed for j>arallel rays of 
light. The degree of myopia of the examinc<l eye can, 
therefore, l>e fuimd in this way by selecting the weakest 
concave lens with which it is possible to get a distinct 
image of the fundus. The weakest concave lens must be 
selected so as to eliminate the examiner's own accommo- 
dation, for he could see quite distinctly with a stronger 
concave lens, because his power of accommodation would 
enable him to neutralize the excessive concavity of the 
lens. 

If the observer is myopic, he will need, in order clearly 
to see the fundus of another myopic person, a concave 
leiia strong enough to correct botli his own and the other's 
myopia. If, for example, he finds that a lens of 5 D is 
the weakest lens with which he can see the eye-ground 
clearly, and if he himself has a myopia of two diopters, 
the examined eye has a myopia of 3 D. 

If, on the other hand, tlic observer is hypermetropic 
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to an extent, let us eay, of two diopt«ra and finds the 
correcting concave lens to be one of 5 D, he must add 
bis own hypeniietnipia, and the patient's eye in that case 
haa a myopia of 7 D. An emmetropic observer in this 
case would need a concave lens of 7 D, but the hyper- 
mctrope needs one of only o D, because his own correct- 
ing convex glass of 2 D neutralizes the efTect of a con- 
oive glass of 2 D. He would also need - 7 if he looked 
through the ophthalmoscope with his own correcting lens 
of 2 D. But it is better to have only one lens iK-hind 
the ophthalmoscope, hence he will need only — 5 instead 
of — 7 to correct the myopia of the examined eye. 



of the Hypermetropic Eye. 

Having now considered cases where the examined eye 
IB either emmetropic or myopic, we must consider the 
possibitit}' of its being hypermetropic. 

Again, we must consider how the rays of light emei^ 
from an hypermetropic eye when it is illuminated with the 
ophthalmoscope. An hypermetropic eye without accom- 
modation is focussed neither for parallel nor for diver- 
gent, but for convergent rays of light (pf. Fig. B) ; that 
IS to say, only convergent rays of light are collected on 
the retina to form a distinct image. Parallel rays of 
tight entering the eye unite to form an image behind 
the retina at the point /, either because the axis of the 
aetropio eye is too short or because its refractive 
is too weak, as, for instance, when the lens is 
In either case the refractive system of the hy- 
ropic eye is insufficient as compared with its 
,na therefore requires a re-enforcing lens. The 
ibypenuetropic eye can, hy exerting its accommodation, 
rease its refractive jKtwer by increasing the refrac- 
n of the lens, so as to bring the image forward and 
) to the retina. It differs frCm the emmetropic eye in 
le feet that it has to accommodate even when looking 
ito infinity, but this can be obviated by the use of a con- 
BX lens. As a rule, the visual error in the hypermt^ 
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tropic eye is only partially porrecled by a lens, tlie indi- 
vidual correcting the remainder liimself. In fact, it is \ 
impogsibie in youthful subjects, whose power of accom- J 
mudation is vigorous, to find the degree of hy[ier(uetropis.J 
by means of correcting Icni^s. ouch persons always J 
accommodate more or less wlien they fix an object, and'l 
they will accept only a convex glass which corrects « I 
portion of their hypermetropia. This portion is called 
the manifefi hypervidropia of the individual, white that 
portion which is corrected and concealed by the accom- 
modation is known as the htenl hypermetropia. As the 
individual grows older and the jwwer of accommodation 
diminishes, the manifest hypermetropia increases. If the 
accommodation is entirely removed, either by age or by 
a drug (atropin, homatropin), the total hypernietropia b&> _ 
comes evident. I 

The examination in the erect image furnishes a very I 
convenient method of determining an individual's totw J 
hypermetropia without artificially paralyzing the acoom- i 
modation; for if the hypermetrope, even tliongh he be ] 
young, does not focii!> hi): eyes, but looks into the distance: J 
in the dark room, he will not accommodate during tlw.! 
examination with the ophthalmoscope, and the rays of j 
light leaving the eye will follow the direction given th^a'T 
by the structure of the media ; that is to say, they diverge, 1 
The degree of divergence is proportional to the degree of 1 
hypermetropia and inversely pro}K)rtional to the distance j 
of the negative far point behind the eye. If the hyper- 
metropia is such that the eye is foehssed only for rays 
which converge at a point 0.5 meter behind the principal 
plane of the eye, the error is corrected by a convex lens 
having a focal distance of 0.6 meter, or a lens of 2 D. The 
hypermetropia is 2 D. If in order to !«• collected on the 
retina the ravs require a greater degree of convergence, 
for example, to a point only 25 cm. behind the principal 
plane of the eye; in oliior words, if the far point is 26 
cm, (= \ meter) behind the eye, the error is twice as great. 
The hypermetropia b 4 B, and tlie correcting lens must 
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I be of equal strength, unless the individual when looking 
into infinity accummodates to the extent of 4 P. A 
lens of +4 D held in fnmt of such an eve will, there- 
fore, give to the rays coming from infinity the necessary 
degree of convergence; for a convex lens of 4 D, held 

t immediately in front of the eye, refracts parallel raya 
CDtering the eye in such a way that thty converge toward 
the fooiLt of the lens - 25 cm,, which is also the far [wilnt 
of the eye, as we may disregard tlie distance from the lens 
to the principal plane of the eye. 

The same correcting lens will render the divergent rays 
emerging from the eye parallel, since they come from the 
focus of the lens. Approximately the sarae result is 
obtained by holding the correcting lens behind the open- 
ing in the ophthalmoscope. An observer with normal 
vision looking into such an hypermetropic eye will be 

»able to see the fundus distinetjy. He coiiid, of coarse, 
Bee it without a correcting lens, but only by using his 
■ocomraodation to the extent of 4 D in the present exam- 
ple, which would be a source of error in obtiining the 
measurement of the eye. 

If the observer himself is hypormefropic, he must 
^^ combine his own correcting lens with thiit required by 
^Lthe examined eye. To determine the error of tlic exam- 
^^bned eye he must subtract his own correcting lens from 
^Vlhe convex lens used. It is best in this ca^e to use the 
Btrongeat lens with which the fundus can he seen dis- 
tinctly, so as to avoid neutralizing a certain portion of 
the hypermetropia by one's own accommodation. 

If, on the other hand, the observer is myopic, he needs 
a weaker correcting lens than docs the observer with 
normal vision, because his own error neutralizes the error 
of the examined eye. If, for instance, the observer's eye 
Ms focussed for the rays coming from a distance of 20 cm. 
lyopia 5 D), his eye without accommodation is focussed 
T rays emeiging from the eye of an hypermetrope of 5 D, 
d he therefore needs no glass. The hypermetropia of 
B patient's eye in such a case Is equivalent to the exam- 
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iner'fl myopia. If the observer requires a convex Ien» 
he iniiHt otlil to tlic value of this lens the number of 
cliopterH uf Iuh own myopia. If, for instance, bis myopia 
amoiint)4 to 3 O and lie needs a -i- 2 D lens to see the 
fundus, tlie jmtitint has an hyiwrmetropia of 6 D. If a 
)iiyo|«> of 7 I) necdrt only a — 3 D lens, the patient baa 
an hypermclropitL of 4 I). 

The beginner in oiththalraoscopy ehould always re- 
member (cf. Figs. B, C, D) that rays emerging from an 
emmetropic eye arc parallel, those from a myopic eye 
oonvorgcut, and those from an hypermetropic eye diver- 
gent! and, conversely, that the examining eye without 
accommodation is focussed for iiarallel rays of light if it 
is emmetropic; for divergent rays, if it is myopio; —^— 
for convergent rays, if it is hypermetropic. 

From wliat lias been said wc may deduce the folIowia| 
general rules : 

If in order to see distinctly the eye-gronnd of anotlu 
eye an amctrope needs — 

(1) A lens of the B.ame kind as that whiih corrects hi| 
own ametropia, but of a greater strength, he must i 
tract the number of his own diopters from the diopte 
of the lens used. 

(2) If the required lens is of the same kind, but £ 
1 to 10 diopters wonker than that which corrects his a 
ametropia, the refractive error of the examined eve is 
the contrary kind and amounts to from 1 to 10 diopte 
(Examples : If the observer has a myopia of 6.0 a 
needs —6.0, the eye examined has an hy|wrmetropia of! 
1.0. If the observer needs a 4.0, the eve examined baffll 
an H. of 2.0, etc. If the observer has an H. of 4.0 and } 
needs a + 3.0, the eye examined lias a M. of 1.0, etc.) 

(3) If the requin-d lens is of the cxmlrary kind from 1 
that required to correct the observer's ametropia, the eve 
examined has the contrary refraction, and the amount of 
the error will be equal to the number of diuplers of the 
required lens pfiut the numlier of dioptern of the ob- 
server's correction. (Examples; If the observer baa a . 
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M. of 5,0 and needa a + 3.0, the eye examined bus an H. 
of 8.0, or if the examiner has an H. of 3.0 and needs a 

2.0, Ur" cj'o examined has a M. of 5.0.) 

In order to be accurate in determining the refraction 
of an eye the following jmiuts must be observed: The 
dioptric conditions of tiiat portion of the eye-ground 
which corresponds to the pciint of clearest vision — viz., 
the macula hit^a or fovea centralis of the retina — must 
be determined. Hence in measuring the refraction of 
an eye the examiner must obtain a goo<I view of that 
portion of the eye-ground. Now the macula Intea is the 
most difficult portion to see, because when we attempt to 
examine it the pupil contracts and the reflection of the 
light on the cornea is most disturbing. 

Besides, it is not very oasy to determine whether the 
image is clear when we look into the macula hitea, 
because there is a lack of conspicuous markings, the 
retinal vessels being at this jKiint extremely small. All 
"lat can be seen is a fine stippling of the eye-ground 
to the somewhat variable amount of pigmentation 
of the cells forming the pigmented epithelium of the 
retina. The darker the eye-ground, tlie more uniform 
It usually appears and the more dimcult it is to focus 
iceurately. It Is true that in dark eye-grounds, espe- 
lially in young individuals, a small bright sickle or ring 
is seen, due to the reflection of the light at the bottom 
of the fovea centralis, and although this reflex is a little 
in front of the retina, the difference is so slight that it 
need not be considered in calculating the refraction. If 
the fovea reflex is too indistinct to be utiliited in this 

ly, it is best to look for the vessels which pass from 

B optic ner\-e toward the macula lutea or for a vessel 
coming from above or below and running toward the 
macnla. 

The beginner will do well to confine himself to the 
temporal margin of the ojitio disk, as it is more clearly 
lOuUined, and the present* of hi i»od -vessels which pass 

cr it towartl the macula (cf. Figs. 1, 4, etc.) makes it 
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rossible to obtain mcasurementti in the various merirliani 
n this way the so-called astigmatism of the eye can a 
be measured. 

Measurement of Astignutlsm. 
The term OHlifpnatiam is applied t* an abnormal refrac- 
tive condition of the eye in which one or more of the 
refractive surfaces, instead of being spherical or slightly 
parabolic, liave a greater curvature in one meridian than 
in the meridian at right angles to it. When a pencil of 
rays divet^Ing from a luminous point impinges on a re- 
fractive surface with an equal curvature in all its merid- 
ians, as, for instance, a hemisphere like one of our glass 
lenses, the rays are all united in one point, disregardiiig 
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those which strike the lens too near the mai^in, kno^ 
as marginal rays. But if the pencil of rays impioL 
on a surface having a weaker curvature in the hoii 
zontal than in the vertical meridian (cf. Fig, E), tlie raVl 
passing through the vertical meridian are more strong 
refracted than those |iassing tlirougli the horizontaB 
Hence the former rays are brought to a focus at a poian 
nearer the refractive surface than are the latter. Th( 
surface has two foci, and rays emanating from a lumin*J 
ous point (" homocentric " pencil) are not united at any I 
one point behind the refracting surface, hence the name 1 
astigmatism (d, privative; to ariyfta, the point). 

As every point on the object must have a correspond- 
ing point in the image in order that a clear image may 
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be produced, it follows that an astigmatic surface can 
produce only a distorted image. Hence the image on 
tlie retina of an astigmatic eye will be distorted whether 
tlie abnormal cnrvatiire is in the leng or in the cornea; 
and, conversely, when such an eye is examined with the 
o|ilithalniosco[w, the markings un the evo^ronnd (optic 
<li,-ik, vessels of the retina, etc.) appear blurred and can- 
not l)e brought ont clearly with any additional spherical 
lens, A lena with a curvature in only one direction — a 
so-called cylindrical lata — is required. A lena with no 
eur\ature in the vertical, and a corresjxinding positive 
curvature in the horizontal meridiao will, in the above 
example (^ee Fig E), correct the abnormally weak hori- 
zontal curvature of the refracting surface. Some ophthal- 
moscopes permit of tiie use oi such cylindrical lenses, 
but the>' are not absolutely necessary for the measure- 

fnt of^ oetigmatism. With a little practice it is usually 
^ Jte possible to measure the refraction for every indi- 
vidual meridian, [I)r, B. Alex, Randall has designed an 
ophthalmoscope which carries a disk, by means of which 
cylindrical lenses can l>e rotated behind the wight-hole, 
which is of great praclical value. — Ei».] 

The student should remember that the vertical meridian 
of a spherical or Bphericocylindrieal (astigmatic) lena 
corrects the horizontal and not the vertical lines of the 
object, while the horizontal meridian corrects the vertical 
and not the horizontal lines. If, therefore, the horizontal 
vessels running from the optic disk toward the macula 
are seen distinctly, it shows that the refraction of the 
vertical meridian of the refractive system has been cor- 
rectly dotermineii. Another glass will be required to 
obtain a clear image of the vertical lines (those, for in- 
stance, that run into the macula from above or below), 
or of the temporal margin of the optic disk which at one 
point is approximately vertical. This glass corresponds 
to the refraction of the horizontal meridian of the refrac- 
ive system. 

It happens sometimes that the principal meridians 
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intersect each otlier oblimiely instead of at a right angle. 
In that case the use of a certain lens will enable the 
observer to sec the vetsst^ls running outward anil upward 
near the optic nerve, while those which run outward and 
downwai"*! apjwar nuite indistinct. To see the latter 
another glais will be required, with which again the 
vessels running outward and upward will appear in- 
diiitinct. lu measuring the astigmatism it ia of the 
greatest importance that both the examiner and the 
patient relax their accommodation. 

Care must iilso be taken not to look through the lens 
obliquely. This should always be avoided as much u 
possible, otherwise the observer might discover astig- 
matism where none is present, or even, under certain 
conditions, correct astigmatism without knowing it; for 
by looking obliquely throngh an ordinary spherical lena 
we get the effect of an unequal refraction exactly similar 
to the regular astigmatism now under discussion. 

We also speak of irreijiJar n^iffnifUiitm. Thia ocean 
when a refractive surface has an irregular curvature, a^, 
for instance, when the surface is uneven. The im^eiBi 
this case is blurred and cannot be made distinct for an^i 
length of time by any means in our power. Irr^ulat; 
astigmatism is usually due to inequalities in the Bur&oa' 
of the c(tmea corresponding to more or lass marked- 
opacities. These defects in the cornea can usually btti 
recognized by means of lateral illumination. 

Finally, in measuring refraction wilh the ophthal- 
moscope by the direct method, the distance between 
the observer's eye and that of the patient must be; 
. considered. 

It should always be as short as possible, otherwise the' 
correcting lens of the ophthalmoscope is too far removed 
from the eye examined, and its refractive power is altered. 
The power of a concave lens is lessened by increasing its 
distance from the eye ; and, conversely, a convex lens ti 
more powerful when placed at a greater distance from 
the eye, which explains why old [leople often push their 
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^^■pectacles down to the tip of the nose to muke them 
H- itroDger. 

H This error requires correction in strong lenses, but 
H may be disregarded in wcuk glasses, espemlly as the 
F Bpectocles to be ordered will always be worn at some 
distance from the eye. 

In using strong lenses it is, therefore, always to be 
borne in mind that the correcting lenses found with the 
ophthalmoscope will he too strong in myopia and too 
weak in hypermetropia, if the observer's eye is too far 
away from the eye examined. In such a case, therefore, 
the myopia of the eye examined is weaker and the 
hypermetropia stronger than the lens iu the ophthal- 
moscope. 

Size of the Ophthalmoscopic Field of Vision. 

r Another reason for coming as close as possible to the 
)ye under examination is that it is easier in that way to 
tok into the eye through the comparatively narrow pupil. 
By coming as close to the pupil as possible the observer 
is able to see a larger portion of the eye-ground without 
changing the relative ^tositions of his own and the patient's 
eye ; in other words, the ophthalmoscopic field of vision is 
increased. If the pupil is very small, it must be dilated 
either by shielding the other eye from the light, or by 
.means of drngs — homatropin in 2 per cent., or euphthal- 
Linin in 5 per cent, solutions. From 2 to -3 drops instilled 
irithin five minutes usually suffice to produce the desired 
mount of dilatation within twenty minutes. The use 
r atropin for this purjKwse is to lie avoided as much lis 
ossible, as its action lasts too long and may produce 
Bncreascd intraocular tension (glaucoma), especially in 
■elderly people. [No mydriatic is entirely free from the 
danger of producing glaucoma; even euphtliulmin has 
caused this disease, witness a case recently rejwrted by 
Knapp. — Ei».] 

An expericufod observer will very rarely need to diJale 
' e pupil artilicially iu a normal eye unless he particularly 
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wUhes to examine the macular reg^oo. For this parpoae 
artificial dilatutiou is often iDdis[>eDsable, especially ia 
elderly people who usually have smaller pupils than 
young persons. For similar reasons tiie opening in the 
ophthalmoseope should not be too small. The must 
desirable width is 3.5 mm. [8ome surgeons prefer a 
smaller opening — e.g., Jaeksoa recommends tliat tliaj 
aperture in the mirror shall be 2 mm. in diameter. — Ed.}3 

The size of the ophthalmoscnpic field further dependal 
on tlie refraction of the eye under examination. It is 7 
greatest iu liyperinetropia, because, as we have seen, the 
rays divei^ alter leaving the eye; smaller in cmmetropia; 
and etill smaller iu myopia, because the emerging rays 
converge. I 

Another factor that influences the size of the ophthal*! 
moscopic field in the direct method is the xize of the flam* J 
used in the examination, particularly when a strong con- 
cave mirror '\» used, one, for instance, with a focal dis- 
tance of 16 cm., which is also employed in the indirect 
method, soon to be discussed. With a mirror of this 
kind one often gets an inverted image of the flame o 
the eye-ground while everything else is indistinct. Begilk 
ners will, therefore, do well not to use t(X> small a flag 

If it is desired to illuminate a very large field a o 
cave mirror with a very short focal distance may be a 
This third mirror, however, complicates the instrumei 
unnecessarily. 

This brings us to the choice of a mirror in the dire 
method. Besides the strong concave mirror just describ* 
which is best for beginners, we may select either j 
plane mirror or a concave mirror of about 16 cm. foe 
distance, which is also used in the indirect methii<l. Tbf 
latter is decidedly to be preferred in the examination o 
the macular region, which on account of its dark < 
usually reflects very little light. The macula is not suf- ' 
ficiently illnminatcd by the plane mirror, although the \ 
latter has the advantage of not contracting the pupil quite { 
60 much. 
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II. EXAMINATION BY THE INDIRECT METHOD. 

This methoii, first proposed by Riitc, troDsists in illumi- 
nating the eye-ground hy means of a concave mirror and 
holding a strong convex lens (13-20 D) at the near 
point; that is to saj't at a focal distance of 5 to 7.5 cm. 
from tlie patient's eye, so as to unite the rays of light aa 
tliey emerge from the eye and produce a true inverted 
image (cf. Fig, F. To save room the lens and the eye 
of the observer are shown somewhat nearer the patient's 
eye than they ought to be). In this method the observer 
sits at a greater distance from his patient, and sees the 




FlO. F. — Eianiiuatitni of an eminetrupic eye by the iudirect tnetLud : 
^ the parallet niys of light CDiniiig from tbp e,ve are rutussed by the luna 
(Z.),Bnd roTmn true Inverted imajie which is directly «een by thu iibgerver 
{Be.); H, principal plane; Jfy. nod H]/., tbe respective poiuls where, in 
myopia and hypennetnipia, the inverted image is formed. The opb- 
UulmoiKope is Dot sbown, 

inverted image very distinctly hy looking through the 
a^pening in the ophthalniosco]>e. As he must use nis ac- 
sommodalion to sec the image, he must be at a distance 
^^ to 30 cm. [This accnmmcxlative strain may Iw 
{RpJieved and the image miignified by placing lichind the 
'^hthalmosi-o{)e a convex glass of 4 I>, which adapts the 
mmetropio observer with relaxed accommodation for a 
Mint 25 cm. distant. — Ed.] 

In high degrees of myopia the observer can in this 

wy obtain an inverted image of the eye-groimd without 

aid of an additional lens, as muy be seen in Fig. D 
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(p. 27) ; for tlie rays eraergi iig fri)m a myopic eye conv«ge 
to siicli an extt^nt that ihey form a true inverted image 
at the far point. Hence, if on dimply illnminating the 
eye and loiiking through the hole in the mirnjr an in- 
verted im^;e of the vessels or purt of the optic nerve is 
dearly ,«een within the red glare of the pupil, we may 
conclude that we liave to deal with a higli degree of 
myopia. To determine whetlier the image of the eye- 
ground seen iu the pupil is an inverted or erect one, 
the observer notes whether the vessels in the pupil move 
in the same or in the contrarj' direction as he turn* his 
head from side to side. This |xtint must, however, be 
very carefully investigated before a diagnosis of myofHa 
is made, as it is possible by simply throwing the light 
into the eye from a certain distance to see a partiid erect 
image in the pupil. It occurs when the eye under exam- 
ination has a high degree of hypermetropia and is doe 
to the feet that the rays diverge after leaving the eye (as 
shown iu Fig. B). But, owing to the great distance of 
the eye under examination, the visnal field is very gmall> 
only a small portion of the eye-grouod is seen, and tlie 
image in the impil moves in the same direction as the 
observer's head. 

With the aid of a convex lens it is possible to obtaia, 
an inverted image in any eye, that is to say, any eye mw 
be made to appear like a myopic eye, but the distanoB Of 
the inverted image from the auxiliary leus varies iritJbL 
the refractive conditions. If the eye under examinafion. 
is emmetropic, the emerging rays of light are parallel and 
the inverted image is found in the focal plane of tJie 
auxiliary lens ; in myopia the image will lie nearer the 
lens (for instance, at My. in Fig. F), and in hypcrmetropa 
farther away than the focus (for instance, at Hij. in Fig. F). 
Hence, if the observer does not alter his a(>commodatton, 
he has to move his head back when he examines an 
eye witli a high degree of hypermetropia. As a rule, 
however, it is better to accommodate. The ilistance of 
the auxiliary leus [oflt-n i-.illfd the sii]iplcniciihiry lens 
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or olyect glass] from the plane of tbe pupil of the ex- 
amiued eye should he approximately equal to its focal 
distance. In this way the pupil and the iris disappear 
completely and nothing but an image of the eye-ground 
is seen in the entire domain of the convex lens. The 

> lai^r the glass the mder the view of the eye-ground 

■obtained ; hence, 

P Tbe Size of the Visual Field ' 

in the indirect method dejicndf- cliiefly on the size of the 
auxiliary' lens, and to some extent on the refraction of the 
eye under examination and the focal distance of the aux- 
iliary lens. The higher the degree of myopia of the eye 
under examination, the greater the ophthalmoscopic field ; 
the higher the degree of hypermetropia, the smaller the 
ophthalmoscopic field. The nearer the auxiliary lens is 
brought to the eye, that is the stronger the auxiliary lens, 
the greater the numiier of rays emei^ing from the eye it 
can receive and the greater, therefore, the visual field. 
Finally, as in the direct method, the size of the visual 
field depends on the size of the area illuminated by the 
ophtlialmoscope. A greater portion of the eye-ground is 
illuminated in the indirect than in the direct method ; tbe 
illumination is also more powerful, as a concave mtrrnr is 
generally ui^ed in this method. The size of the pupil 
does not affect the size of the visual field so much in the 
indirect as in the direct method ; in other words, the eye- 
ground can be seen ouite distinctly even when the pupil 
is very small, although, of course, a contract«d pupil cuts 
ofF a great deal of the light and the image may, therefore, 
become very indistinct if the pupil is too small. 

To sum up, it may be said that the indirect method 
has the following advantages over the direct method: 1. 
Greater distance from the eye under examination, making 
the examination less irksome for both the patient and the 
surgeon ; 2. A larger visual field, so that a much greater 

wkB simiily tliu 
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area of the fundus cau be examined at one time ; 3. Cor-*^ 
reeling lenses on the ophthalmoscofw cau be dispensed 1 
with ; 4. The exanniiatinn is [xissiblc even wheu the 
pnpil is cuntracted. On the other hand, with the indi- 
rect method one sees the eye-ground under a lower 
magnifying power, and this is the principal difference 
between the two methods. 



EnlarKement of the Image in the Direct and lit the 
Indirect Method. 

The size of the imagt- obtaiiictl by the dirtd method 
depends on several conditions : 1 . The refraction of both 
patient and surgeon ; 2, The distance between the eyes of 
patient and surgeon ; 3. The distance between the cor- 
recting glass and the eye under examination. v. Helm- 
hohz' and, later, Mauthuer^ calculated the magnification 
for emmetropic eyes and found it to be one of 14J diam- 
eters. L. Weiss'* obtained approximately the same re- 
sult — 15.6 — by directly measuring a dead eye that had 
been carefully examined in this respect during life. 

Id hyprmetropia the size of the image is smaller, in 
myopia larger, than in emmetropia, provided that the 
correcting lens is placed at a distance of 3 cm. from the 
eye under examination. If the hypernietropia is due to 
abnormallv weak refractive power, as, for instance, to 
aphakia, the image is smaller than in hypernietropia due 
to shortening of the axis, just as it is smaller in myopia 
due to the lengthening of the axis than in myopia due to 
abnormally strong refractive power of tlie refracting sys- 
tem (Maiithner, he. cit., p. 185). 

In hypermetropia the size of the image is smaller when 
the correcting lens is at a greater distance from the exam- 
ined eye, and, conversely, the image is larger in myopia 

■ PhyriotogiiKhen Opl'ik, Bi-i'oud ediUon, 



I 



I 



EXAMINATION BY THE INDIRECT METHOD. 43 

when the leiis is at a greater distain^e from the eye 
(Maiithner, loc. cit). 

In the indircci mdhod the size of the image depends 
chiefly on the Htrength of the aiiJtiliary lens ; that is, the 
stronger (he lens, the emaller the image and the greater 
the visual field. According to v. Htdmholtz (/oc. (*((., 
p. 218), if we take Listing's schematic eye as a basis, we 
obtain a magnification of 3 diameters with an auxiliary 
lens of 22 D (focal distance 45 mm,), and a magnification 
of 4 diameters with a lens of 16.6 D (focal distance, 60 
mm.). The refraction of the eye under examination also 
has some influence on the size of the image. In hyper- 
metropia the magnification is somewhat greater, and, con- 
versely, in myopia it is somewhat weaker. According to 
Mauthner {loc. eit., p. 230), the magnification is greater 
in hypermetropia due to diminution in the length of the 
asis than in hypermetropia due to diminished refractive 
l»wer of the dioptric syst*?m ; and, conversely, the mag- 
nification is less in myopia due to lengthening of the axis 
than in myopia due to abnormally strong refractive power 
of the dioptric system. Whereas, therefore, in the direct 
raethofl the fundus appears appreciably modified, that 
is under 12-14-20 diameters, the magnification is only 
from 2-4-8 diameters in the indirect method with a 
convex lens of 17 D, which is the most suitable for this 
method. 

On the other hand, the indirect method, as has been 
stated, offers the advantage of a lai^r visual field, hence 
it follows that to obtain a general ide^ of the conditions 
in as short a time as possible it is best to examine first by 
the indirect method, and if it is desired to make a more 
accurate study and to measure tlie refraction, an exami- 
nadon may be made by the direct method which shows 
the eye-ground under a greater magnification. [Students 
in this conntry are apt to neglect indirect ophthalmoscopy. 
This is unfortunate, and Haab's advice, to employ first 
ilhe indirect and then the dirt^^t methoti, is sound and 
diould be followed.— Eu,] 
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The rerractton can alao be nieasureil by the indirect method. 
The ineihud deviseil by Schmidt- Rim tiler'' is the best, becaiiM 
tlie observor daen uot ni.i-d to miax Lis aci-ominodation, a feat 
which ia often very difficult, eupeeially for hyperinc tropic eyeit. 
The poettion of the inverted iaia^c of the eye-ground, or. in other 
words, the diBtftnce of the image from the auxiliuiy lens, is found 
(cf. Fig. F) with the nid '>f a special apparatus. In this connec- 
tion the reader should recnll wh^t has been said on page 19. 
Rays emanating from a lumini)Ui« iHiitit after being reflected by 
the eye return to that point provided the eye is placed in proper 
relation to the flume. If, therefore, the accom modal ion is relaiexl, 
we can find the absolute refriiction by means of such a luminous 
point. The eye is Brat rendered myopic by nicaus of a strong 
convex lens placed in front of it, so that the emei^ing rays unite 
to form an inverted image in front of the eye. Thus, for exam- 
ple, in emmetropic eyes a lens of + 10.0 brings the image 10 cm. 
in front of the auxiliary lens. The source of light used should 
not be an actual flame, out the inverted ophthalmoticopic imase 
of a flame placed to one side of the person examined. The oo- 
server, looking through the hole in the ophthalmoscope, alter- 
nately carries the instrument backward and forward until the 
inverted image of the flame appears clearly outlined on the eye- 
ground. When this point is reaehed the retina and the image of 
the flame correspond to conjugate foci, hence the image o^the 
flame, the distance of which from the ophthalmoscope can at once 
he measured, coincides with the far point of the examined eye, 

Croviding the latter is looking intc infinity, or, in other wonls, 
as relaxed its accommodation, fiy determining the far point of 
a myopic eye we, at the same time, determine its refraction. The 
accuracy of Schmidt -Rim pier's method depends on the absence 
of accommodation in the examined eye. This is not readily 
accomplished when the image of the flame is thrown on the 
macular region, or, in other words, when the examiner — as he 
ought to do — tries to measure the refraction of the macular 
regiim. If we do not paralyse the accommodation of the exam- 
ined eye by means of a drug, we arc forced to measure the refrac- 
tion of the retina between the macula and the optic nerve. 

The direct as well tm the intlirect method fart 
enables ns to rhltiitiinc irregiiinrltien m the surfac 
the fi/e-grounO, and it is even poRsible to u 
i net) iiati ties liy the direct method if the observe! 
ekiltfiil. It often happens that tlie head of the optii 
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Derve ia excavated, so that instead of a disk we have 
a more or less marked depression. The opjKisite condi- 
tion, ill which the head of the nerve jtrojects into the 
vye, is equally im|K»rtant. And, finally, a neoplasm or 
a foreign body on the eye-ground may project into the 
vitreous body. If, then, tlie retina, for instance, appears 
emmetropic, the floor of the excavation, being fnrther 
removed from the rofractive system of the ej-c, will show 
myopia. If the retina is emmetropic and the optic nerve 
is swollen and projects into the globe, the summit of this 
prominence will show hyjtermctropia, Iwcanse the dis- 
tance from the leua at that point is diminished (ef. Fig. 
B, p. 27), or the retina about the optic nerve may -show 
a hypermetropia of 5 D and the floor of the excavation 
M. 5.0, in which case tliere is a difference of 10 D be- 
tween the two points, which would give a difference in 
level of 3.47 mm. lu the Eamc way it might be possible 
to measure liow far the swollen nerve-bead or a neoplasm 
projects into the globe. For every diopter of difibrence 
in the refraction we calcnlate 0.34 mm. 

In the indirect method inequalities iu the cye-gronnd 
are determined by moving the convex Icn3 in front of the 
eye from side to side without, however, for a moment 
losing sight of the eye-ground or of the optic disk. If 
the nerve is excavated, the edge of the excm-ation moves 
in front of the floor in the same direction as the convex 
If the head of l!ie nerve prrtjects, the summit of 
prominence moves backward and forward with the 
iDxiiiary lens; in other wonls, a plane lying neai-er the 
observer moves in front of a more remote plane in the 
same direction as the convex lens, because in moving the 
convex lena from side to side the eye under examination 
and the lens are deceutrcil and tlie rays coming from the 
fo pianos diveip? (Fick ')■ 

There remain to lie mentioned two methods of examina- 

in in which the observer also sits at a certain distance 

im the eye under examination, and both of which are 

FIck, Letrhick der AngrnSrilkKadf. Leipzig, 1894. 
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also performed by means of a plane mirror, attboi^ha 
concave mirror may be nse«i. 

Examination by TransmiUed Ught. 

This procedure is very simple, but none the less im- 
portant. It is also done with the ophthalmoHcofie, and 
should precede the methods described so far. By its use 
we are able to determine opacities in the refractive media 
— viz., the cornea, the aqueous humor, the lens, and the 
vitreous. By simply illumiDatiug the eye with a con- 
cave, or, better, a plane mirror and looking through the 
opening, opacities appear like dark shadows in the red 
pupillary reflex, because the niys of light as they return 
from the eye-ground are arrested by the opacities just as 
all opaque objects, even when colored white, appear dark 
when seen in front of a luminous surface. There is no 
better way of detecting the whitish opacities produced by 
a gray cataract, and if we improve upon the method by 
adding a moderately strong magnifying lens, say a + 8.0 
to + 18.0, held behind the opening in the ophthalmoscope, 
the most minute o|>acities in or upon the cornea can be 
seen, such, for iii.^tan(%, as the most delicate arterial 
twigs and the minute precipitate on the posterior surface 
of the cornea in iritis and cyclitis. The observer must, 
of course, approach the eye until the object to be ex- 
amined falls within the focal distjince of the convex lens 
behind the ophthalmoscope. 

The examination by transmitted light better than any 
other method shows the opacities in the vitreous whiea 
are so important. The plane mirror should always be 
used for this purpose. \V hereas opacities of the cornea 
move in front of the pupil and opacities in the lens be- 
hind the pupil, as the observer moves his head from side 
to side, the distances corresponding exactly to the move- 
ments of the licail, flocculi in the vitreous have a much 
greater excursion, hence, if tlie patient is told to move 
his eyes rapidly from side to side, the opacities move 
still further even after the eye has become motionlesa. 
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The discoverer, Cuignet, called the method kendoncojiy ; 
it is also known as pupilioscfiptf and rdlnoscopy. This 
method of examination is also best iwrformed with the 
plane mirror, and offere the easiest means of determining 
the refraction. Retinoscopy is the raethitii recommended 
for any one who is unable to determine refraction, and 
especially astigmatism, by the direct metho<l in the man- 
ner described, if he does not care to iise Schmidt-Rimpler'a 
apparatus. It also requires practice, however, and is not 
without inc(mveniences. In retinoscopy, as in Schmidts 
Bimpler's method, the object is to determine the [>osition 
L.pf the far point of the eye [point of reversal], sometimes 
l<With the aid of a convex tens, so as to bring the far 
{mint to a convenient distance, that is, between the ob- 
eerver and the patient. This is especially important in 
low d^rees of myopia and in hypermetropia. The far 
iwint ehnuld, if possible, be brought to a distance of 20 
to 40 cm. To determine the optical conditions of tiie 
eye under examination by this method, we utilize instead 
of an image of the eye-ground the movement of the 
illuminate*] jmrtion of the eye-ground as the retinoscope 
is moved from side to side. The retinoscope illuminates 
a certain jwrtion of the eje-ground, and by looking 
through the opening the observer sees a corresjwnding 
movement of the illuminated jiortion of the eye under 
examination. 

Now it is to bo remembered that when the light from a 
flame placed to one side of the patient is thrown into the 
eye by means of a plane mirror, tlic illuminated portion 
iif the eye-ground moves from above downward if the 
mirror is turned from above downward, or it moves from 
right to left if the mirror is turned from right to left. 
By turning the mirror from right to loft we mean turn- 
ing it as if we wishetl to throw light into the right and 
^.then into the left eye of the person examined. 

JTie iUuminated portion of fhe eye-ground of the patient, 
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tlifrefore, moves in the mime diivdion as thai tn wAicA (&« 
jilane mirror m rotated, or, an one may say, " with " the 
tumhff nf the mirror. 

If, howover, the eye of the ob«rver is beyond the far 
point of tlie eye under examination, the illuminateil field 
or ttie shadow which bounds it in the pu|>il does unt move 
ill the same direction a^ tlie illiiitiinated jHirtion of the 
eye-ground. This is the cane in high degrees of myopia, 
because the rays emerging from the eye under examina- 
tion converge and cmss each other at the fur point, thns 
musing the shadow to move in the contrary' direction. 
Hence in myopia the ohndow in the pupil moves in a 
direction contrary to that of the mirror ; that is to nay, 
if the mirror is turned to the left, the shadow moves to 
the riglit. To do this the degree of myopia must \ie 
such thut the distauw of the far point is less than the 
distance of the ophtlialmoscojw from the eye under ex- 
amination. If, for instance, the distance between the 
mirror and the eye under examination is 5U cm., and the 
sliadow moves in the opposite direction, there ranst be a 
myopia of more than 2 D (W ^ 2.0). 

Conversely, the illuminateti field in the pupil moves in 
the same direction as the mirror when the examiner's eye- 
is within the far point of the eye under examination ; 
that is to say, in a low degree of myopia or emmetropia, 
or when the far point lies lieliind the eye under examina- 
tion ; in other words, in hypermetroiHa. Under these 
conditions the illuminated Held moves to the left, for 
instance, when the mirror is turned to the left. 

On the other hand, if the jwsition of the observer's 
pupil corresponds exactly wilh the far point of the eye 
under examination, tiie illuminated portion of the pupil 
will move in neither direction and the pupil will simply 
appear alternately dark and bright. Wlienever this phe- 
nomenon is distinctly seen as the observer alternately 
advances and recedes from the |)atient, the distniK^ be- 
tween the two eyes is to be carefully measured with the 
tapc-moasurc. The result corresjionds to the distance of j 
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the far point, and tlinn gives the refractiun, provided that 
the penwn exaiiiincd has relaxetl hia atHiommixlatioti. If, 
fur instance, movement disappears at a dislanee of 20 cm. 
between the observer's eve and that of the patient, the 
latter has a myopia of 5.0 D (W =5.0). 

If light and shadow in the pupil move in tlie same 
direction, the obflerver is witliin the far point, and he 
must then rece<le until the Diovemeiit disappears as he 
turns the mirror from side to side, or he may place a 
convex lena in front of the iiatient's eye so as to bring 
die far point within a convenient measuring distance, as 
explained above ; that is, to about 30 or 40 cm. 

In choosing this auxiliary lens the fnUowing is to be 
borne in mind : If the illuminated field in the pupil 
moves in the s;ime direction and quickly, and the con- 
cavity of the border is flat, one has to deal with a low 
myopia, an emmctropia, or a low hyjwrmetronia. In 
snch a case a weak convex lens of about + 3 should be 
selected. If the illuminated field in the pupil moves 
elowly and the border is strongly concave, one has to 
deal with a high degree of hvpcrmetropia. A strong 
convex lens is then selected, which must be allowed for 
in the calculation. If, for instance, with a lens of + 7, 
tlie far point is found at 33 cm., one has to d(«l, not with 
a myopia of 3.0 (J^ = 3), but with an hypermotropia of 
4.0, because it is evident that the myopia of 3.0 is an 
artifieial myopia jirodiieed by the 3 diopters of the cor- 
recting lens, and the remainder of 4 diopters would re- 
move the far point of the eye under examination to 
infinity and thus correct its error. 

The shadow-test can also be carried out with the ordi- 
nary POTMWii-c mirror, but in that case the movements of 
the aha<low in the pupil are exactly reversed ; that is to 
the shadow moves in the .siime direction when the 
rs'er is beyond the point of fixation, and in the con- 

Ty direction when he is within that point, or when 
J ia hypcmielropia. The movement of the shadow 
be conveniently observed at a distance of 1 meter 
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and 20 cm. from the patient. If the shadow moA-eg in 
the same direction as the mirror, there is mropia of one 
or more diopters. The eye is then corrected with succes- 
eiveiy strou|rer concave lenties until one is found with 
which tlie movement of the sliaduw becomes rerersed. 
Such & glass removes the far point of the eye under ex- 
aniiuatiou to beyond 1 meter (1 diopter), and the last leas 
(;i D), with which the shadow still moves in the Batae 
direction as the mirror, corrects it nearly to 1 D. Thfl. 
myopia is, therefore, n D + 1 D. 

If with a concave mirror the shadow moves in the coa- 
trary direction, the patient either has a myopia less than 
1 D or he is emmetropic or hypermetropic. In such a 
case the eye is corrected with STit«;fBsively strouffer con- 
vex leases until the Bhndow moves in the ^imc direction 
as the mirror. If such a glass is n D, the patient's 
refraction ia jvD-l D. 

The shadow-test also has its drawbacks. It requires 
for its success that the pupil be widely dilated — if neoefr- 
sary, by artificial means, Kvcn with a widely dilated 
pupil it 13 not always easy to tell when the movei 
of the illuminated field ceases or lH>conies reversed, 
is it always easy to got the patient to relax his 
dation completely, as the Button's manipulattooB 
his attention and cause him to fix some object near hii 
Finally, the refraction obtained, instead of being that 
the macula, is often only that of a neighboring portJOD 
the eye-ground. The method will be found in del 
in Neuatatter's Gmndi'UM der Thmrie v)id Praxis 
Sch(Uffnprobe (Skiasktinie) ncbd Tnfiln utid Pht 
znr SkUuiopie, Miinchen, J. F. I^imiann, 1900. 
American students the moat useful works on the shadoiF- 
test have been published bv Edward Jackson and James' 
P. Thorington.— Ed.] 

[For the »nke of ronvenienoe the method of application of th( 
ihftdow-Wst in the delfrmination orre^lar asiiginatiBm is inserti * 
Dr, JackBOn'B description is given : " The prindples involved a 
tbemetboda to be employed are e^seotiullf the aameasia myopia 1 
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hjpennetronia. but the refraction btts to be delermineil in 
ipal meridi.ins in^l««d or id tui; meridian indifferently, t 



opy. 51 m 



I 



can be where all meridiaiix are alike. To determine the refraction 
in B certain meridian the lieht must be made to more back and 
forth in that particular meridian by rotatiug the oiirrar attout an 
axis at right angles tu it 

" The direction ofeitlierof theae two (irincipal meridians ia re- 
vealed by the area of light in the pupil assuming the form of a 
more or lea» difltinct banii of tight, extending aemsj the pnpil in 
the direction of this meridian when its point of reversal is ap- 
proacJied. For the higher degree:aof astigmatium this band is very 
noticeable, and fixes with the greatest accuracy the direction of the 
principal meridian. When the band-likeappearauce is most notice- 
mble it is easy to cause its apparent movement from side to side, 
but it IB more difGcult to distinguish the movement in the direc- 
tion of the length of the band. Still, this latter movement is one 
that is to be especially watched and ito reversal -point determined. 

" When the amouDt of astiginatism is very low the appearance 
of a band may be very indistinct, or not at all perceptible; but in 
EUch caaea it is found that when we have reached the poini of re- 
versal for movement of the light in one direction there is still 
distinct movement, either direct or inverted, in the direction at 
right angles to this, and we thus know we have tested one meridian 
of an astigmatism, and must in the same way ascertain the point 
of reversal for the other at right angles to it. When the surgeon 
ia closer to the eye Chan the point of reversal fur either meridian, 
the movement will be with ttie light on the face in all directions. 
When he is at the point of reversal for the meridian which has its 
point nearer to the eye ihan the other meridian there will be no 
distinguishable movement in this direction, but still a direct 
movement at right angles to it. When he h between the two 
poiota of reversal there will, in the direction of the nearer merid- 
ian, be an inverted movement of the light, hut in the other merid- 
ian a direct movement. When the farther point of reversal is 
reached the direct movement in it.t meridian ceases, while the 
moTement in the other meridian continues inverted. When the 
•urgeOD has drawn hack beyond both points of reversal, the move- 
ment is reversed in all directions. 

"Having determined the amount of myopia, natural or artiti- 
risl, in both principal meridians, the strength of the cylinder re- 
quired to correct the astigmatism will, of course, be the difference 
Mtween the refraction for the two meridiaus. Having thus ascer- 
tained it, it is well to put this cylinder before the eye and to see 
if it doe« accurately correct the astigmatism, giving the same 
point of revet?al for all meridians of the cornea ; and. fur accu- 
JSCjr, tfa« ■phericsl lens which will bring this point of reversal to 
"*"" ' "' meters should be used with it," — Ed.] 
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W Before prtK^^edinjiwilli adorit-riiitiijii iirL>|>litliLiliiiijsro|iial 

technic, it will be well U> devote u lew paj^es to tlic»dia- 
cuHsioii of tlie instniineut iti^elf. I elmll not attempt, 
however, to deseribe all tlie oplithalmoi^«oi)es at preseDt 
in use, for that alone would riKjiiire a book. Mere dea- 
cription without en ticisra would be of little practical value, 
and to compare all the various forma of ophihalraoscopee 
and t«flt their practical usefidness would be a Herculeau 
task. I have, it is true, used a good mauv of the best J 
and most popular instniraenis at present in use, and ehui 
be in a position to criiiei.se them, but as I am nut ao*! 
quainted with all uf thcoi I might be led to do an injus- ' 
tice to some. I shall permit mvself to mention only one 
instrument. It is a small simple refniction-HiphthalmtK 
soope introduced by nie ten year^ ago, at least among my 
pupils, in place of Liebreich's ophthalmoscope, whtcn, i 
account of its many defects, lias always been to met 
thorn in the flesh. 

It will be enough if I lay down the principles on which 
an ophthalmoscope should be conatructed to fulfil all the 
requirements. These principles are the same for all in- 
struments and, as in the case of the miemscnpe, they are 
extremely simple. As in the consfructi<m of the latter 
instrument, the only factors that vary are : 1 . The 
mechanical ijortion ; 2. The quality of the material and 
workmanship. 

In my experience most of the larger instruments i 
ordinary use — the so-called refraction-ophthalmosoop* 
in the main show careful workmanship, esiH-cially th( 
that are turned out by well-known makers of optica 
instruments in various countries. It is always well, how 
ever, to test one's instrument in regard to the grinditq 
of the mirror and lenses, the proper enumeration of t' 
lenses, etc., and to refu.se it if it is in any way defectiw 
As r^ards the mechanism, the instrument may he ( 
strucled according to the views and personal preferenee8"J 
of the author or of the purchaser. The ini]iortuut [mint 1 
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^1 18 that the instriimf^iit sboitid work pruperly and be easy fl 
^P to maiiipulate. Tbe proper ciiustruction ia this respect V 
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can easily be deducod (rum what has been l^aid above in 
explaining the oplithahimseope. When wo eonie to con- 
sider the mirror itself, I find from my own experience 
that it is well to have both a concave and a plane mirror, 
or at least a concave mirror, A plane mirror may, if 
necessary, be ditipeni^ with, or, if the instrument does 
not possess one, it may be supplied by taking a suitable 
piece from any good mirror and scrapiDg away the coat- 
ing from a small spot in the center if, for instance, it is 
desiretl to make a careful examination for flocculi in the 
vitreous, or to employ the shadow-test, although the 
latter can also be ^H.'i'formed with a concave mirror. 
Tbe beat concave mirror, in my opinion, is one which 
has a focal distance of 14 to 17 cm. This will do equally 
■well for the direct and for the indirect method. In test- 
ing the focal distance of the mirror one should notice 
st the same time whether the image it reflects is sharply 
defined, as, for instance, a lamp placed at a distance, so 
as to determine whether the glnss ia careftiUy ground. 
An important jxtint is the size of the o{>ening. It must 
not be too small or it will not admit enough light into 
tbe observer's eye. This is especially important in the 
>i<eftaotion-nphthalmoscope, bemtise, on account of the 
necessity of interposing auxiliary lenses and tilting the 
mirror, the observer is often forced to work at some dis- 
tance from his patient. The diameter should lie at least 
3 mm. on the anterior, and a little greater on the pos- 
terior surface, so thot the opening is slightly larger be- 
hind than in front. It is particularly im[)ortant that the 
walls of this short canal be well blackened. Noifper- 
&rated mirrors are not to be recommended. 

In all the larger instruments dcsjgneti for the meaaure- 
I'ment of refraction, it is absolutely indispensable that the 
Wirror be capable of being tilted if the measurements are 

'» exact ; for if it is desired to throw the light from a 
ip placed to one side of the patient into the lalter'a 
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eye, the mirror must be turned sHgbtly toward the lamp, 
as will be seen in Fig. A ; that is to say, the plane of the 
mirror as seen from above will form un angle with the 
plane of the patient's face. The consequence is that the 
observer IooIjs obliquely through the lenses placed behind 
the mirror if they are closely applied to the mirror; but 
if we look obliquely through a spberit^l lens, tlie latter 
acts like a cylinder, that is, the rays are refracted more 
in one direction than they would be if they passed 
through perpendicularly. Besides, if the correcting lens 
ia clofiely ajiplied to tlie mirror, the observer is farther 
away from the correcting lens than he should be. Henoe, 
the newer iiphthalmosco|)es are so arranged that the 
mirror can be set at an angle to the plate which holds 
the correcting lenses, either to one side or the other, so 
tiiat the lamp can be placed either to the right or to the 
left of the patient. 

With the indirect method there is no neoessity of 
tilting the mirror, as correcting glasses aro not, as a 
rule, required. Hence, those instnmieuts which are 
provided with two mirrors, one for the indirect and one 
for the direct method, are usually so arranged that only 
the mirror for the direct racthoJ van be tilted. But as 
it IS sometimes desirable to use correcting lenses in the 
indirect method for the purpose, for instance, of obtain- 
ing an enlai^d image, it is best, on the whole, to have a 
concave mirror of 16 cm. focal distance suitable for both 
methods placed at an angle, and to use a small plane 
mirror for the examination of floccnli in the vitreous and 
for the shadow-test. This plane mirror need not neoea- 
aarily be fastened to the ophfhalmoscoije. 

This brings us to the mechanical portion of the instru- 
ment, and we first have to consider the most important 
point, namely, the attachments for the correcting lenses 
behind the opening in the mirror. The correcting lenses 
should be as near the mirror as possible, nor should too 
many be placed one above the other, as tbat would dimin- 
ish the amount of light in the image. If one lens is 
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placed over another, the two ehoiild be in close contact, 
BO that the obaerver's eye may be as close as jTOSsible to 
the opening in the mirror. 

The correcting lenses are now usually arranged along 
the edge of a mnnd disk, which can be rotated behind 
the mirror in anch a wav that the various lensea are 
bnnight exactly behind the opening in the mirror, and 
the center of the lens always corresjKinds exactly with 
the center of the o[)ening. This is accomplished by 
means of catches. In many ophthalmoscojies two diaks 
of this kind are placetl one above the other, so that the ob- 
server always looks through both. In others the disks are 
changed according to the lenses retiuircd, which is very 
tmublesome. I tind that for ordinary purposes I get 
along very well with a single disk supplemented by a 
quadrant rotated on the same axis and containing lenses 
of very high power. The ciuadrant when not in use can 
be turned down toward the handle, as, for instance, in the 
instrument designed by Loring. If, for example, the 
disk contains 15 lenses ; Concave 1 to 8 and convex 1 to 
7, and an empty hole, and the quadrant contains concave 
16 and convex Ifi, and, in addition, concave 32 and 0.5, 
the combination of the disk and the quadrant places at 
our disposal : Concave 1 to 40 and convex 1 to 23, a 
total of 63 numl>ers, and, in addition, the half diopters 
from 1 to 8 concave. If, instead of the quadnmt, the 
iDBtnimcnt is provided with an additional disk, the num- 
ber of lenses at the surgeon's disposal is considerably 
inoreosed. 

As the convex lenses must not be too small, their num- 
in the di^k is necessarily limited. The diameter 

iu!d not be less than 5 mm. 

Finally, a word in regard to the convex lens used to 
produoc the inverted image. Much too little attention 
IS paid to this auxiliary lens in many ophthalmoscopes. 
As the size of the case is usually limited, it is much 
better to have one lens of the pro[)er size than two 
.11 ones, especially for the beginner, as it is im- 
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iMirUnt lUt th-? field (JjoiiW Iw as large v. , 
K..r Iwyiiiwr^ it is best alirays (o use llic Hame lens, 
whirh ==hiMil.l havf a sirenf^lh of alx.iii 17 D or a focal 
distance of 6 om. : ihf «» ..f tlie U-iis slioold n«t be li-as 
thnti 3.5 ail. TW b«t siae is from 3.0 to 4 cm. Tlie 




moiinliiijr r.f tin? lens ehoiild be sufficiently wide to pre- 
vent its t>eing wcrntcliGfi wlien laid on the table or soiled 
by tbe fingors when in nse. For reasons which will be 
given later it is alwo ndvJRable to have a short thick 
handle attached to the riin. If other convex lenses are 
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{needed in tlio indirect method for the purpose of obtain- 
ing a grnat«?r magnification, a -i 13 or + 14 lens from the 
lens-Ciisu mjiv be called int(i reqniiiition. With a refnic- 
tioii-(jphthalNioHco[>e tlie inviTtfd image can easily be 
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Pio. H. — Lnriiift'n o|ihlbnltnnsrapo, with til tin); mirror, complvle 
4tiid( of lonscs rrum - 1 tu - K and U> + T. utiil bupiilvuipiilul quadruut 
~ IK lO.Ii unit ±1U D. This utfurda (Ml glasses or uombinatiouB 
3 to - *l U. 

ed bv bringing a convex lene of 2 to 4 D behind 
! opening in the mirror and at the same time coming 
■ to the patient. 
[ The only inslniment I sb.iiilil advise anyone to buy is 
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one that can be used for the direct method, that i; 
with a coiif^iderahle number of correcting lenses s 
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iiilaU'H rncnlilicil lAirinK 0[iIiIhiilintiac(i|M>, in which tho j 
i movfd by tlie cog heliiw, tui that every jilns* c 
siKht^liule without removiiiK the iiislnitnftit from th 
A disk or omcave cylincln™ 0.5 to 4 is eiceiilrically mounted, s 
each can be bmaKhtut miy ileairpd Inclinatian of ita aiia iuto uimbhi^l 
tion with any Bjihcricnl. It gives 51 spherical lenlca nr conibinatlotl* f 
The mirror can be detached to mbstitule a weak light, pinti 
concave mirror, or bfl olT, nurnvRiing the 6 mm. breadth al the lenses ] 
when tha inatrumeut is uaud of "~ "'" ' 



tiched that they can be mpidly brought behind the open- 
ing in the mirror, as, for instance, by means of the disk 
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fia. J.— Jackaop's ophlhnlmosropc, with tivr> giiiwrpna^ slidra of 
Ipngea comiri); Bincly or combined behind the sJKbt-tiole nt the tiltiug 
mirror. It KJves 35 lenses or CDmbinationB, fVom + 11 to — 18 D, with 
great conrvQietice, and in pitenlinKly aimple And Chlu. 

Like moEt other ophlhslmoscopes, the figures are red to iadii»te 
conoive Riaeses. nntl n'hite la mark coiiTei, making mistake or coDfusion 
IS to combiDBtloDs uulikoty. 
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just described. Id LicbreichV instrument the lenses are 
placed in separate holderu. This is extremely troiible- 
sitme and the lenses are nearly always soiled. It should 
also be [wssible to change the number of correcting lenses 
behind the mirror without removing the mirror from the 
eye. For ordinary work a email number of lenses, not 
greater than twelve, will be found sufficient. Hence, the 
disk need not be ven- great and the price of the instru- 
ment not unreasonable. Years ago I had a small oph- 
tiiainio»co|>e of this kind made by R, Doerffel in Berlin, 
It has a movable concave mirror, a. disk with faurt«eD 
lenses, and the proper kind of auxiliary lens. That th^ 
are strong Is shown by the fact that a number of them 
have l>een bought and ased by my pupils in the last ten 
years, an<] the price is so mnderate (25 marks) that one 
feels justified in advising every student to buy one (Fig. 
G). I can also recommend it to the practising physioaa 
who does not care to buy a lat^e or expensive inBtniment, 
as it will l>o quite adequate to all his needs. [Among the 
many ophthalmoscopes at the student's disposal, in the 
editor's opinion, none is better than the Loring oph- 
tlialraoscope ; Jackson's ophthalmoscope iti also excellent. 
Randall's cylindrifal lenses-attachment has been referred 
to; riile diagrams H, I, and J, — Ed.] 

THE METMOD OF CONDUCTINQ AN OPnTHALMOSCOPIC ] 
EXAMINATION. 

The ophthalmoscopic examination is best made in i 
dark room with a moderately la[^ gas- or oil-lampi 
An incandescent light, on account of the small siise i ' 
the flnme, cannot be used without a special appliaof 
Ophthalmoscope lamps with electric lights are made ai 
recommended by Deus, Eversbusch, and others. Evera 
busch's light can also be used for gas. 

If an Auer incandescent gas-lamp is used, it is t 
borne in mind that the light is more greenish-white 
which gives the eve-ground u different color as com 
[MiriHl with the yellow light. The same applies to ex-9 
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itnation by daylight, wliich is alloweil to enter the 
rk room through a suitable openiug. 
The patieot should be placed ut n table, at a distance 
of 40 to 60 era. fnim the observer, wlio sits opposite, 
with the table on bis right hand. The table supports 
the lamp, which should, if possible, be on a level with 
^L(he patient's eye. The patient should sit on a revolving 
^ftatoiil, and the lamp should be so arranged that it can be 
^Fhiise<l and lowered at will. 

The surgeon should make it a rule always t^ examine 
by InUi-nl iJluminntion before proceeding with the oph- 
thalmoscnpic examination until the habit becomes, as it 
were, second nature. This method brings out many 
changes that have an imporlaut beuriog on the ophthal- 
moRCopic examination and should, therefore, never be 
Delected, Thus, a beginner may waste a good deal of 
time in trying to obtain a clear imiige of the eye^round 
by the direct method, becau.se he has n<^lected to exam- 
ine by lateral illuminatiou and has, therefore, failed to 
discover opacities iu the wjrnea or in the len.s. The 
indirect method may be fairly successful even when the 
refracting media are somewhat opaque, because the light 
is more intense and the image is not so greatly mugniticd. 
The sai^eon then begins by placing the lamp to his right 
band, takes up the convex lens that accompanies the oph- 
thalmoscoite, and allows the light(fmm the lamp) to pass 
through it, holding the lens at an anglp and to one side, 
eo aa to throw a strong light into the anterior portion of 
tbe eye. By successively directing the luminous apex of 
^the cone of light jMssing through the lens on the indi- 
1 parts of the eye, he examines them separately, if 
Mry, with the additional aid of a good magnifying 

ter this inspection by lateral illumination, the lamp 
1 placeil by the side of, and a little behind the |xitient, 
} that the light does not fall directly into his eyes, and 

Bie RUi^in proceeds with the ophthalmoscopic exami- 

Mtion. 
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The aecond step in the esaminatiim consists in a simple- 
illumination of the eye. This fxiiminaiion bi/ hatigmUtfd 
lyhl, in wliich we simply throw the light into the |>atieut'8 
eye with the concave mirror so that the ptipil appeurs 
red, reveals, as stated above, any opacitv of the cornea 
or of the lens and vitreous. In order to see any abnor- 
malities near the periphery of the lens or vitreona, the 
eye must be examined iu various positions, hence the 
patient should be tuld to look up and down and to either 
aide, the guidon keeping the light reflex on the pupil so 
that it constantly ap[)ear8 red. How often has cataract 
been diagnosed when no cataract was pre.^ut, because 
the physician uegleoted to examine by transmitted light, 
and waa therefore deceived by a grayish reflex in th« 
pnpil that had nothing to do with cataract! 

The third step in the examination consists in the em- 
ployment of the hidiird mefhoii, because it affords a better 
gieneral view of the entire eye-ground. For this purpose, 
the convex lens of 1 7 D is held in front of the patient's 
eye at a distance of 6 cm., corresponding to its focal dis- 
tance, and if the glass is provided with a hanille, the re- 
maining ling(>rs of the hand tliat holds thi> lens will not 
obscure the patient's face and interfere with the sight of 
the other eye. The handle, therefore, has a distinct ad- 
vantage, because the other eye must be made to maintain 
a certain direction by fixing an object at a distance. Thud, 
while examining the left eye, the patient is asked to &x 
the surgeon's ear, and to do this his right eye mist 
be covered. If the light is now thrown into the 
through the lens, and the observer looks through 
opening in the mirror and the auxiliary lens, he will, 
the auxiliary lens and mirror are in the proper iwsitioDf 
immediately see the optic nerve [of the left eye]. 
During the examination the stii^eon must accommodate 
for that point between the auxiliary lens and the mirror 
which corresponds to the position of the image of the 
eye-ground, as explained above. This is one of the diffi- 
culties of this method. The beginner usually accommo- 
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dates either for tlie eye or for the auxiliary lens and gets 
an imperfect view of the imaci-, since the latter in jtro- 
jcctea l>etween his own eye and the auxiliary leng. 

To overcome this defect it ia advisable to praetise witli 
the same auxiliary lens on reduced inverted images of 
colored eye-grounds, such, for instance, as are found in 
the present volume. The picture should be held at a dis- 
tance of 60 cm. and examined with the auxiliary lens of 
17 D held at a distance of about 20 cm. from the picture. 
Incidentally the student will learn to orient himself in 
tlie inverted image. By practising in this way he will 
learn to know and ovei-come another defect incident to 
llie indirect method, namely, tlie reflexes of the auxiliary 
lens. He will soon learn to look between them by holding 
the lens a little obliquely. After he has learned to deal 
with these reflexes it will be easier for him to overcome 
or disregard the corneal reflex, which at first is such a 
disturbing factor iu the examination. 

As soon as he has mastered the art of obtaining the 
inverted image in the actual siiliject, he must learn to 
keep the patient's other eye under observation by indirect 
virtion, BO aa to control its directiim. Children often dis- 
obey the order to look iu a certain direction. Thus, tliey 
often will not look at the surgeon's left ear, when he 
wishes to inspect the left optic nerve, etc. To avoid 
wasting time, the sui^on must insist that the patient 
keep his eye in the same direction for some time. But 
after asking the jKitient to fix his left ear, the silicon 
must be ciirefiil not to make it impossible by covering the 
patient's right eye with the band thnt holds the auxiliary 
lens, as has been explained above. He must rest his hand 
on the patient's face in such a way as not to obstruct the 
other eye and make it difiiGult for the jiatient to fix tlie 
object he is asked to look at. 

The surgeon must further learn to raise the upper eye- 
lid with one of the fingers of the hand that holds the 
convex lens. This may be necessary in examining ihe 
e^e-gronnU while the patient is looking down, or in exam- 
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iniiig patients lying in Ited. It is best done by la} 
tile tiliiur m\e of the tip of the fourth finger liglitly aguinitt i 
the upper lid and drawing it upward. The surgeon shonM 
never be content with un examination of the optic nerve 
and its immediate neighborhood, but should train himself 
to inspect the peripheral fwrtions of the eye-ground as 
well, and for this purpose should ask tlie patient to look 
up and down and to either side. 

To ol>tain a view of the optic nerve of the right eye the 
patient is asked to look past the snr^ou's right ear at the 
wall, as the optic nerve lies about 15 degrees to the nasal 
side of the jmsterior pole of the eye. This, the most 
difficult mrt of the examination, is extremely important, 
because it shows the most important part of the retina. 
As the corneal reflex is a very disturbing fiictor and 
the pupil contracts because the rays of light enter perpen- 
dicularly, the image is weakly illumiuawd and it requires 
great practise to see this part of the eye-ground clearly. 
The best plan is to ask the patient to look into the 
observer's left eye when it is desired to examine his left 
macula lutea. The sui^on then tries to get the image of 
the left optic nerve into the temporal portion of the con- 
vex lens, and turns the mirror very slightly toward the 
nose, whercnpon the macula liitea becomes visible in the 
nasal portion of the lens and the troublesome corneal 
reflex disappears toward the temple. To examine the 
right macular region the patient is asked to look at the 
obaerver'a right ear and the same st<?ps are again re]»eated. 
Care must be taken not to allow any light to fall into the 
other eye, so as to avoid any contraction of the pupil, 
and if the ]>upil is too small in spite of this precaution 
it must be dilated. 

It is of the greatest importance in using this method 
that the auxiliary lens be absolutely clean and free frtim 
scratches. Impuriiies in the glass always attract the be- 
ginner's eye and thereby make it difficult for him to see 
the eye-ground ; and, iKtsides, there is danger that they 
may be mistaken for abuornmlities ia the eye-ground itself, 




OPHTHALMOSCOPIC EX.l Miy.l T/O/V, 



IfD that tilings seem to be seen there which in reality do 
(lot exii^f. The most minute sjwts. siinh as the finger 
usually leaves ou tlie glass, ai>pear white in the eye- 
ground and cloeelv simulate white spots in the retina. 
After the eye-ground has bwii sufficiently studied by 
the indirevt method, tho sui^'ou pruueeds tu the fourth 

1}p : examination bij the direct melhod. To do this most 
««3sfully, the lamp should be plnce<l close to that uido 
the patient's head which corresponds to the eye to be 
amincd. The beginner will do well to confine himself 
the patient's right eye, which he can inspect with hia 
m right eye, as most ptojile Hud this the easier of the 
'o. After placing the putit-nt so that the lamp is on his 
right side, the sui^ou simply throws the light into the 
eye. Then, still feecuing the light in the eye, he gradu- 
ally comes nearer ana nearer, and finally as near m* pos- 
sible, until he Ijegins to see in the red glare of the pupil 
details such as portions of blood-vessels in the eye-ground, 
taking good care, as explained above, to relax his accom- 
modation. The observer should always imagine that he 
■ looking through the patient's head into infinity. If the 
ndent has been told to look straight ahead and to the 
JTeft {into infinity), the sui^eou will soon get a view of the 
optic nerve by tracing one of the retinal vessels back to 
it. The examination of the left eye is somewhat more 
dt£Boult, because it must either be examined with the left 
eye to avoid collision between the observer's and the jra- 
tient'B nose, or the patient must turn his head away from 
the lighL On the whole, it is best to learn from the !«■- 
^nning to use the right eye in examining the patient's 
^ght eye, and the left eye to examine the patient's left 
ye. 

In looking for the erect image it is well to observe the 

following piiints : If the light is thrown on tlio palienl's 

B by means of a eoncuve mirror Ih'M ;iI :i ili-taiu.'i' of 6 

,' and the observer liKiks thmiigh ilic n|..>iiiiiji in the 

nirror, he will see at thocenter of the lirif^htly illuminated 

' With a pl&au mirror tl W 10 cm. 
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Beld, whicli has the same shape us the mirror, a (lark, 
blurred spot which repr&ientfl the iniai^c of the opeuing, 
Thiscanbemosteasily studied by throwing the light OD the 
patient's forehead. It will be noted that the pupil appears 
red as soon as this image of the opening is brought to co- 
incide with it, hence if, without accommodating, we con- 
trol the position of this dark ii)>ut as we approach the eye 
(when the spot becomes more distinct), and by means of 
indirect vision keep this dark sjk)! constantly on the pa- 
tient's pupil, the tatter will constantly appear red, and 
some portion of the eye-ground will become visible as soon 
as the proper point has been reached and the refracting 
media permit of the production of a distinct image. 
Hence it is not enough in the direct method simply to 
direct the light from the mirror into the ptitient's eye, 
but the center of the mirror, or, iu oilier words, the open- 
ing must be made to coincide with the patient's pupil, 
because this is the only way iu which the rays leaving the 
patient's eye can enter the observer's eye. 

If correcting lenses are necessary it is better to insert 
them without removing the mirror from the eye, that is, 
by simply turning the disk of lenses. By doing this the 
observer will learn to keep his accommodation relaxed. 

It is a very good plan to begin one's studies in ophthal- 
moscopy on the rabbit, and I have therefore given an 
illustration of the rabbit's optic nerve and surroundings 
in this book (Fig. 6, a). The rabbit's pujiil is naturally 
lai^, and the eye is usually at rest; besides, the eye is 
hypermetropic, and the emerging rays therefore diverge, 
mailing it easier to obtain a direct image. 

Should we use the plane or the concave mirror in the 
direct meth«Kl? I should answer this (juestion by sajHng 
that both the plane and the concave mirrors have their 
advantages. But the examiner should make himself per- 
fectly familiar with the color-gnululions in the eye-ground, 
especially the optic nerve, with at least one of them. I 
cannot say that abnormal colors, such as pallor of the 
optic nerve or gray discoloration, can be seen better with 
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the plane than with a good concave mirror, but if two 
mirrora are used, the question is complicated by the fact 
that it becomes necessary to train one s self to recoguize 
n i^pecial eet of abnormal colorings for each mirror. 
IJence if the student uses only one mirror, he will obtain 
a certain proficiency in diagnosis earlier. In any event, 
it ia best always to utje the same mirror fur the direct 
mptho<!. I have no doubt, however, that the examination 
of the macula will be more exact if a concave mirror is 
Uried. A concave mirror brings out the macula itself and 
any alterations that may be present Itetter than does the 
plane mirror, for the simple reason that in examining this 
p«>rttun of the eye-ground the pupil is contracted, and, 
owing \o the darker pigmentation of the macular region, 
the image ia dark enough even with the concave mirror, 
and altogether too dark and indistinct if a piano mirror 
fa dsed. 



THE NORMAL EVE-GROUND. 



The appeantnces of tlie normal eye-ground as seen 
with the ophthalniosco]>e present, as I have atated in the 
l)eginning, so many variationa that a thorough knowledge 
of the normal conditions is of the greatest importance 
before proceeding to a study of the pathologic alterations. 

/ cannot too strongly adtise Uie beginner to atudff normal 
fifcji as often and ns thoroughly aspomb/e. 

But an accurate knowledge of the anatomic structure 
of the various part* ia equally necessary for a proper . 
understanding of" the normal conditions in the eye-ground. 
These are explained in Figs, 2, 3, and 14. 

The first thing we notice on looking into the eye- 
ground is the peculiar red coloration, which is very oflen 
misinterpreted and described as "abnormal retlness." It 
is due to the fact that the choroid, as its name implies, 
possesses a great number of blood-vessels, especially in 
the anterior layer next to the retina — viz., the plexus of 
the choriocapillaris — which becomes more and more dense 
as we approach the posterior pole. The red color of the 
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^H blood in these vessels is chiefly reHponsible for the red 
^V color of the eye-ground. It is partly due also to the color 
of the retinal vessels, iilthoiigh they play a very insignifi- 
cant part. The purple color of the optic ntTve has very 
little to do with it. We cannot seeitaj^ such any more than 
we can appreciate a delicate rose tint on a deep red color, 
not to mention the fact that the purple color of the optic 
nerve is very faint or disappears altogether under illu- 
mination. 

But the color of the eye-ground varies considerably in 
intensity. In some individuals it appears u light yellow- 
ish-red, in others the color varies from a dark red to a 
brownish-red. This variation is due to the variable 
amount uf pigment contained in the eyes. Brunettes, aa 
a rule, have darker eyes than blondes. The pigment 
may be variously distributed. The more intense the pig- 
mentation of the retinal pigment-epithelium, the more 
uniform will l»e the dark red color of the eye^round, 
because the reil color of the clmroid is more or less ob- 
scured and the choroidal vessels cannot be seen. In 
other individuals the pigment may be chiefly in the 
choroid, especially between the vessels, the epithelium 
of the retina being sparingly supplied with pigment. 
Again, the choroidal vessels do not always stand out with 
equal distinctness behind the retinal vessels. In some 
cjises we only see dark areas which, on closer examina- 
tion, turn out to be pigmented "intervascnlar spaces of 
the choroid " (Figs. 1 , 6, «, 9, o, 22, etc.). In other cases 
the entire plexus of retinal vessels reveals itself at once 
(Fig. 5, i), owing to the presence of pigment lietween the 
vessels. If there is an entire absence of pigment in the 
retina and choroid, as in the albino, the vessels of the 
choroid appear red on a white ground (Fig. 10, A). The 
latter corresponds with the sclera. In individuals who, 
without l>eing absolute albinos, [tossess very little pig- 
ment, as blondes, for instance, the choroidal vessels are 
occasionally seen aa red lines on a light red ground 
(Fig. 4). 
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tin regard to the pigmentation of the backgnnind, it is 
be remembered that the r^ion alfoiit the posterior pole 
corresptiidiiig to the muciila and the neigliborhood of the 
optic nerve i& usually darker than the peripheral portions 
^aee Fig. 1 and manv of the other pietures). 

The dark, retldish-brown s]K>t in the aiiiKlle of the 
actUti is due partly to a thinning of the retina at this 
HDt atxl partly ^Diinnicr) to a rapid dimiiuttion in the 
pickness of the lil>en« (ef. Figs. 3 and 14, e) toward the 
flier of the nmtiila, so that in this i^ntral portion of 
je fovea the liackgrouiid of the eye is not obscured, as 
I is nearer the periphery', by tlie compact mass of fibers 
■t make up the outer hbrillary layer. Hence the back- 
nnd behind the pigment-epithelinm and the choroid 
>ars more distinctly. The choroidal pigmentation is 
t where the choroid joins the optic nerve ; and at 
this point we sometimes sec more or less distinctly a 
black ring, the so-calletl cfinrnidal ring (Figs, 1 and 4, 
ete.). Sometimes there h a dear space between the optic 
ner\e and the choroidal border, forming a more or less 
complete white ring, owing lo the sclera appearing be- 
tween the nerve-sidistanrc and the choroidal border. 
Hence this white ring is known as the sc/o-o/ rlni/ (Figs. 
I and 4, etc.). The snbslancc of the optic nerve in the 
ophtbahnoscopic image api)ears grayish-red and prtly 
transparent, the nasal i>ortion being somewhat iiarkor 
"^"bii the tem|X)ral, owing to the greater aggregation of 
^Ecve-fibers emerging in the nasal porlion. The center 
kftequently, but not always, the lightest. This depends 
p tlie presence or absence of a more or less developed cx- 
KVBtionin the center (Fig, 2, n). The (leci>er this excava- 
, the more apparent the white lamina cribrosa in the 
er, and the brighter, therefore, the corresponding area, 
AQptic nerve of the rabbit has a very distinct excavation 
1^. 6, a). It shows very plainly the manner in which 
jIvcHEels distribute themselves over the retina without 
(ing from the fnnnel-sha)x>d excavation. When the 
Xvatjon is very deep, so that the laniiita cribrosa is 




plaialjr seeo at the bottom, it is called a plij/aiolofftc ex- 
cavation {see Figs. 5, 6, 47, 4, 52, b). The lamioa crib- 
rosa is recc^tiized aa a collection of gray dots on the 
floor of the excavation. The border is formed b_v a 
delicate rim traversed by the vessels as they dip down 
into the excavation. 

The optic nervf, is not always circular in outline; it 
may be normally somewhat oval in either direction. 
Under normal conditions it does not project beyond the 
retina, or if it does, only to a very slight extent in the 
nasal third, hence it is very much betler to use the terra 
optic disk, rather than to describe it aa a papilla. 

The retiiui being transparent, except where it is covered 
by pigment-epithelium, is almost invisible in the ophthal- 
moscopic image. Occasionally a delicate striation of uerve- 
fibera is visible about the optic nerve, especially above 
and below it. In yonthful individuals with darkly pig- 
mented eye-grounds it is usually possible to see moderately 
well-marked r^xes on the anterior surface of the retina 
about the fovea centralis and the optic nerve. They appear 
aa grayish-while, irregular spots among the vessels, or as 
bright lines along the vessels, ami very often, even in later 
years, as a ring about the fovt^a centralis (see Fig. 5, a), 
or a small ring, or small bright sickle at the center of the 
fovea. 

We recognize these bright spots as reflexes by their 
peculiar sheen and by the fact that their shape and posi- 
tion are affected by the movements of the mirror. They 
are moat marked when tlie indirect method is used, es- 
pecially if the pupil is not well dilated. 

The strongest of these reflexes is seen about the fovea 
centralis, and unless the observer looks directly on the 
macula he will only see a semilunar portion of it, usually 
the nasal half first. If the entire reflex is seen at once, 
it usually appears as an oval with its long diameter in the 
transverse direction anil ita vertical diameter correspond- 
ing approximat^'ly with that of the optic nerve, while the 
mat^in of the oval is sharply defined toward the center 
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of tbe fovea and gmiliiully disappears toward the periph- 
ery. Occasionaliy this reflex appears circular. The 
oval form cannot, as stated by .lonnson, be due to the 
fact that the fovea centralis itself iu most aises has a 
slightly oval shape, for, as I have frequently observed, the 
shape of tbe ovul in any ease of well-marked oval reflex is 
not affected by placing the lamp above the patient's head, 
Within the vuindar rejtex the eye-ground is usually 
very dark, the coloring being deepest at the center where 
there are no reflexes, with the exeeptiun of a minute point 
at the center surrounded bv a dark foveal spot (see Figs. 1 
and 5, «). 

The macula can be examined only by means of tiie 

idireot method, wliioh gives a magnifled image. By this 

method it is seen that the central reflex point is formed 

I by a small shining sickle, which moves about the cent«r 

l«f the fovea as trie observer moves his head, in such a 



I way that the points of the sickle are i 



ilwaya directed to- 
I ward him. ff the observer looks into the eye along the 
I nasal border of the corneal reflex, the [loints of the sickle 
[ will be directed toward the temporal side, and if he looks 
L along the temporal liorder of the corneal reflex, the |)oints 
[ of the sickle will be directed towanl the nasal side, etc. 
I If the observer can succeed in looking directly into the 
reye along the foveal axis, that is to say, as much as pos- 
I'Sible through the corneal reflex, the sickle will change fo 
Efl finiall ring aiwiit equal in size to the largest venous trunk 
Ksf the optic disk. The bright semi trans j»a rent corneal 

reflex is very disturbing in this examination, because it 
Flies immediately in front of the central portion of the 
f macula. 

If the pigmentation is only moderate, we sec in the 
I r^on of the macula hitea, especially near Its center, in 

'"' B region of the somewhat darker foveal spot, a delicate 
^plinff of iht eye-ffrouvil, f^'iving the appearance of a 

UosBtc composed of minute light and darlc spots. This 

stippling simply represents the irregular pigmentation of 
K'tiie pigment-epithelium of the retina. It may be more 
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or less visible in the entire eye-ground if the pigmentation 
is not very marked. 

Dimmer,' who studied the reflexes on the anterior sur- 
face of the retina wiih great care, has pointed out that 
the Mnaller fovcal reflex is due to the regular reflection 
of the light at the ceutral, that is the dccitcst, portion of 
the retinal pit, and represents an inverted image of the 
Eickle-ahaiied or circular portion of tlie mirror which lies 
nearest the opening. For the center of the retinal pit 
forms a small coneave mirror (see Fig. 14, o-c) which re- 
flects the light in such a way that it can emerge from the 
pupil under examination. But the rays that are reflected 
from the edge of the retinal pit (that is to say, periphe- 
rally from the foveal reflex) cannot leave the pupd, hence 
we usually see no reflexes in the remaining jwrtion of ihe 
pit, which accordingly appears dim. Occasionally we see 
an additional, somewhat lai^er, luminous ring, concentric 
with the foveal reflex. Beyond the Iwrder of the pit the 
rays of light are again reflected in such a way that they can 
leave the pupil, hence Ihe bright reflex of the macular ring 
which has been mentioned. The sharp central border 
of thifi oval, therefore, corres]>onds to the point where the 
retina begins to become thinner to form the pit; or in 
other wonle, to the sides of the pit. It follows that the 
macular reflex exactly corresponds with the outline of the 
central retinal pit, and tan therefore be utilized to de- 
termine the size of the latter. Since theoptic disk hasan 
average dianielfr of 1.5 mm,, the vertical diameter of 
the fovea is approximately the same, while the horizontal 
is somewhat greater, disregarding individual variations 
that occur here as well as in the diameter of the optic 
nerve. With the direct metho<l and an ordinary concas'e 
mirror, the macular reflex appears very faintly or not at 
all, owing to the small amount of light illuminating the 
eye-ground in this methtnl. It appears a little more dis- 
tinctly if a strong concave mirror — one of 8 cm. focal 
distance, for in.slance — is used. 

' DimlDcr. Die ItpMhnlmotenpiirhfti Urhlrejtiirdfr Nrt:lin<il. IS91. 
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The otliLT rel1i;xe< of the retinu, LW[)Ociully those tliat 
fullow the course of the ves^U (tiee Fi|;. 5, ti), are furDRil 
\ very much in tlie suiue wuv as the mnculiir reflex. Al'- 
I oorilin^ to Dimmer's investigatioou (/oc. (■('/.) they are pro- 
I duced by concave cylindrical or spheroconcave eurtaves 
I found on the inner surface uf the retina. Thc^ surfaces 
I project at a certain distance inverietl inia^s of those por- 
I tions of the ophthalmoscope from which tlie light reaches 
I them. 

In the region of the retina our attention is next 
f arrested l>y the Uotnl-efHgfln. The first (wiiit that we 
notice is that they all meet on (he ojitie disk, as the 
retiua receives its entire blood-supply from the artcria 
I eentralia retina! which, with tile neiwi (xttirali^ i-elina, 
I oooupies the axis of the optic nerve at its entrance into 
the globe. Both the artery and the vein break up into 
^leir branches either on the optic disk or (sometimes) 
before they reach it. The arteries are rect^nized in the 
ophthalmoscopic image hy the fact that they have a 
lij^hter color atid a little brighter and broader central 
stripe than llie veins. These differences in color can 
only be seen, however, in the coarser brandies, just as 
the reflexes appear much more plainly in the thicker 
vessels and in the stron^r mognificution of the direct 
method. The bright stripe along the center of the vesBel, 
according to Dimmer (/w. eif.], is doe in the case of the 
arteries lo the reflection of the light by the blfX)d-cor- 
pnscles in the axial stream, and in the case of the veins 
to a similar reflection by the anterior snI^'ace of the blood- 
cohiniu. Hence the middle stripe in the arteries is red- 
dish, while that in the veins, being a simple reflex, is 
white.' 

The conrse of the arteries is, on the whole, straighter 
than that of the veins. The central artery, like the 

I In the pii^liires of thin vnlnnie it. basi betn, for techniml reasmiB. im- 
pomihle to TVproiliifi' lh«e vnscular rvfleie* ftwiinilel,v, (wperUlW In 
reimnl III widlli hiiiI n.liir. not tu m<Mirinn ILc fsi-t Ihal witli tho slJeht 
nuienlttrntii'U uf tlio Indirect methoi] Ibe reSeies are at best very iuilis- 
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ceotral vein, subdivides into a variable number of 
branches in the last segment of the optic nerve, or in 
the excavatiim, or upon the optic disk. The two prin- 
cipal branches in both systems run at firet up and down ; 
soon thev sulidivide, again, so tliat we can make out an 
inferior and a sujwrior temporal artery and vein. In some 
cases W€: cau also distinguish a nasal artery and vein 
carrying the blood to and away from the nasal portion. 
The important region of the macula is supplied in part 
by vessels coming directly from the optic nerve and in 
part by branches of the inferior and superior tem])oral 
artery and vein which arch around the macula. Hence 
we usually see in the macula and its immediate surroimd- 
ings only delicate vessels radiating more or less toward 
the center, although it is impossible to trace them to the 
center of the fovea, even in the direct method. They 
usually disappear from eight near the inner border of the 
macular relicx. That they do reach the center of the 
fovea, however, is shown by the well-known entoptic 
arterial figure elicited by moving a small opening to 
and fro in front of the eye, or by moving a candle from 
side to side in the dark. 

In the peripheral portions of the retina the vessels are 
few in number, of minute caliber, and mostly radiate 
toward the peripherv. The arrangement of the vessels 
is atypical in the following cases : 

(1) When there is a so-called cilioretlnal rriaeJ. In 
that case a delicate artery appears at the temporal border 
of the optic disk. It arises in the choroid, passes into 
the region of the opticus, enters the retina, and there 
pursues a general direction towanl the macula. This 
condition is not very rare and, when present, is usually 
found in both eyes. 

(2) When there is an ojiticodliary vessel. This is much 
rarer. It is a branch of the central vein or central artery 
and docs not run as far as the retina, disap}>earing at the 
border of the optic disk. In other words, it does not 
reach the vascular plexus of the choroid. 
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(3) Instead uf the venous blood from the choroid being 
carried off by the vortex-veina in llie equatorial region 
(Fig. 10, b), we ollen see, in highly myopic eyes, poste- 
rior vortex-veiim wliicli have a eimilar, but less extensive 
ramification and carry off llie dionjidal I)1<kk1 at the edge 
of the opti<: disk (Fig. AA, a). Why these posterior vor- 
lex-veins should be foimd so often in highly myopic eyes 
1 (^annol as yet undertitiind. 

Pulsation Phenomena. 

The pulse-phenomena ween in the eye-ground call for a 
careful description. When we look at the richly branch- 
ing vessels of the eye^round for the first time, we cannot 
help asking ourselves why they lie so rigid and immovable 
and give no sign of pnlsation, nnless it be an occasional 
beat at one or more ot the extremities of the veins on the 
optic disk. The reason why we usually cannot see any 
distinct pulsation in the arteries of the retina, or*only a 
very slight pnlsation, is, in the first place, the fact that 
vessels of snch minute size show little or no pnlsation 
becanse the pnlse-wave has become too weak by the time 
it reaches a small artery. It must never be forgotten 
that we we the eye-gronnd greatly magnified with the 
ophthalmoscope, and that if we examine the globe with 
the naked eye, the retinal arteries even where they are 
widest, that is, on the papilla, appear only as delicate red 
lines. 

Another reason commonly given for the absence of 
pulsation in the retinal arteries is the intraocular pressure 
which counteracts the pulse-wave. 

It is, however, possible, with great care, to see true 
pulsating movement.'^ in the retinal arteries of normal 
individuals, but only where the course of the iirlery is 
carved. 

After ii series of careful examinations I have reached 
lie conclusion that if one of the larger retinal arteries 
in the region of the papilla is dislinctlv curved we can 
always see a movement of pulsation, manifesting itself 
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aa a bulging of the arch with the systole or aa a slight 
to-aiid-fro movement at the center in a direction per[)en- 
(Hcular to the chonl of the are. If there are two curves 
in succession, forming a letter S, the phenomenon is even 
more distinct. It !s also bronght out more clearly by 
vigorous heart-action. This pulsatory locomotion is more 
easily and more frequently seen than is the pulsatory vari- 
fition in caliber, or, in other words, the alternate expan- 
sion and contraction of the bli»od- vessels. The latter 
phenomenon may be seen in heart eases. Another form 
of locomotion — a pulsatory backward and forward move- 
ment of bifurcations in the larger arterial branches^s 
also seen in cases of heartr-disease. 

On the other hand, there is a kind of artifiiial pul- 
satory movement, best described as an intermittent influx, 
which can Ite prmluced in any normal eye. If, while 
carefully locking at the papilla, a gradually increasing 
pressure is eserted with tlie finger [on the eye under 
examination] we can see the to-and-fro pulsation of the 
blood-column in the ends of the arteries on the papilla. 
This phenomenon ciin be observed even by the indirect 
methiwl, but, like all pulse-plienomena in the eye^round, 
appears more distinctly when the direct method is used. 
By the latter we also see how the intermitting influx is 
produced. As soon as the pressure of the finger reaches 
a certain degree, the ends of the arteries on the papilla 
are emptied, and at the same instant we notice that a 
little blood is forced into these vessels only at the height 
of the pulse-wave, after which the vessels collapse until 
the next canliac systole, so that the ends of the art<'ries 
are empty for that space of time. The ends of the veins, 
of course, do not show any pulsation. On the contrary, 
if there is a phvsiologic venous pulse it usually subsides 
and the ends of the veins are less distended, the pulse 
reappearing only after prcssurf on the eye is removed, 
when the ends of the veins swell out and even the finer 
vessels on the papilla appear more distended and sland 
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out more distinctly than they did before pressure was 
made on the eye. 

This ititermittent influx of the arterial blood into the 
vascular syatein of the retina is observed also when the 
pressure iu the interior of the globe is raised by disease, 
instead of artificially by means of the finger. It occurs 
in glaucoma whenever the pressure rises rapidly (acute 
glaucoma); it is less noticeable iu simple glaucoma where 
tiie rise of pressure is gradual. The intermittent influx 
is exactly the same as when the pressure is raised arti- 
Scially. The pulse-wave overcomes the pressure on the 
walls of the vessels only at the moment of its greatest 
height. 

A similar phenomenon is said to occur when there is 
pressure on the arteria centralis retina; behind the bulb, 
as, for instance, in the case of a neoplasm. 

Analogous to the arterial end -pulse- wave is a venous 
end-pulse, better deseribed as an intermittent efflux. 
This phenomenon is somewhat more difficult to explain. 
As has been said, the puLuating movement is often noticed 
ID normal eyes, and then has no significance. Three dif- 
ferent explanations have been offered. Bonders ' assumed 
that the pressure in the arteries of the interior of the eye 
was somewhat heightened during the cardiac systole, so 
that the ends of the veins on the papilla were compressed, 
because in them the lateral blood-pressure is least marked. 
Aa soon as the cardiac systole is over the venous blood 
flows off. Helfreich* ^ives the following explanation: 
. According to investigations by Bei^mann and Cramer it 
may Imj assumed that, owing to the rhythmical increase in 
the amount of blood sent to the arteries of the bniiu, the 
blood is crowded out of the cerebral veins by compression 
and this gives rise to an increase in the rate of flow of 
the venous blood from the cranium synchronous with the 
pulae. Hence we have marked pressure- variations in 
the venous sinuses of the brain. The pressure- varia- 
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tions in the cavernous sinus necessarily influence the 
movements of the blood in the veins of the orbit and 
of the interior of the eye. Whenever the pressure in 
the ciLveruouij sinus diminishes, the cerebral blood is, as 
it were, aspirated, and there results a diminution in the 
caliber or a partial collapse in the orbital veins, provid- 
ing the walls of the veins are not so firmly adherent to 
the surrounding tissnes as to preclude the possibility of 
their collapsing. Certain ctinditions are, however, neces- 
sary for tlie pulse to show itself, otherwise the phenom- 
enon would be constant. 

Both of these theories in regard to the origin of the 
venous end-pulse may be ntilized. v. Sehulten has shown 
by nianometric experiments that there is a slight increase 
of the (iressure in the interior of the eye synchronous 
with the cardiac systole. Anyone can satisfy himself 
with the ophtImlmosco])e that a slight increase in pressure, 
as by the finger, is immediately followed by a diminution 
in the amount of blood in the ends of the veins on the 
papilla. The lightest touch of the finger rhythmically 
applied suffices to imitate the venous pulae. On the 
other hand, we may believe with Helfreich that the 
cardiac diastole is accompanied by an increase in the rate 
of flow of the blood from the orbital veins to the cavern- 
ous sinus ; but whether this increase is sufficient to cause 
the veins on the papilla to collapse, as contended by 
Helfreich, may be disputed. While it may be admitted 
that the blood -pressure in these veins is very low at the 
end of the cardiac diastole, and that the increase in the 
intraocular pressure synchninous with the caniiae systole 
(Donders) momentarily contracts the veins i>ercpptibly 
or even causes them to collapse, it is probable that the 
damming back of the venous blood from the brain 
(Helfreich) antagonizes this contraction of the veins and 
produces engorgement of their extremities, which, as 
everyone admits, manifests iteelf shortly after the cardiac 
systole. In this way the actual conditions on which both 
tneories are based are utilized. Whether my explana- 
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ioD is correct or not must be decided by future investi- 
1 gators. 

S. Tiirk' offei-s a third explanation for the physiologic 
iVenous piilae. According to him it is due to a continua- 
^on of the arterial pulse-wave through the capillaries 
■Into the veins, a so-called progressive venous pulse, 
fttie pulsatory dilatation being produced by the cardiac 
F^stole, as iu the arteries. According to him this abnor- 
I mal prolongation of the pulse-wave is niudc possible by 
[.the comparatively high extravascular pressure to which 
Rtbe vessels in the eye are subjected. 
I A true arterial pulsation is seen in aortic insufficiency, 
'in this condition the difference in the blood-pressure dur- 
ing systole and diastole in the arterial system is abnor- 
mally great; that is to say, owing to the cardiac hyper- 
trophy, the pulse-wave is abnormally high and followed 
by an abnormal recession of the wave, because the blood 
I 'flows back into the heart through the insufficient valve, 
f flnless aortic stenosis is also present. Accordingly, the 
Ismaller arteries and even the capillaries pulsate in this 
Vdieease. In well-marked cases, we can see not only a 
Lviolent pulsating of the retinal nrterics and veins, but 
ran a pulsatory blushing and paling of the papilla. 
"he larger arterial branches in certain conditions show a 
me pulsation, both variation in caliber and locomotion, at 
t oonsiderable distance from the papilla. As a rule, the 
D 'veins in such cases show pulsation (variations of caliber), 
rwhich may even be more marked than in the arteries. 
f.But if there is only slight insufRciency and but little 
■ hypertrophy of the left ventricle, or if the cardiac action 
*B merely weak, as when the patient is at rest, the pulsa- 
I in the retinal vessels may he absent or may appear 
y when the patient causes his heart to work faster. 
"he intensity of the phenomenon is also diminisheil when 
Ithere is co-existent aortic stenosis. In other forms of 
Elieart disease the retinal vessels rarely or never exhibit 
I pulsation. An arterial pulse is occasionally observed in 

' Turk. Areh.f. Opkth., Tol. liviii. p. 3, 1H99, 
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mitral iDsufficiency. In mitral atonosis I eaw it only 
unce ill (il'tccn cases. In mitral stenosis conijilicated with 
aortic tnsiilficii'ney, I saw it in one ca^c and not iu a 
other. Even in etenoRis of the mitml valve ami in 
mitral insiilficiency with stenosis, I did not see any 
pulsation. 

It appears, therefore, that the pulse- plienoniena in the 
eye-ground are of very little value in tlie diagnosis of 
cardiac disease. Besides, the detection of pulse-phe- 
nomena in the eye-g;rouDd is one of the nio.st difGcult 
things in ophthalmowiopy. Tu study them carefully it is 
well to examine the jiatient on a chair instead of in bed, 
and to let him lean his arm on the table. The surgeon 
should, if possible, also be seated, and support the arm 
that holds the mirror on the table. If the.si' precautious 
are neglected, the pulsating movements of the sui^eon's 
arm or trunk will deceive him when he looks into the 
eye and make him tiiink that the ves.si'1 he is examining 
13 pulsating. The same error may bo produced by pul- 
sating movements in the trunk of the patient. Auto- 
suggestion also ploys an important part. If the nkservcr 
is very anxious to see a pulsating vessel, he will seem to 
see things pulsate which in reality do not show a trace of 
pulsation. 

It goes without saying that the.so things can bo seen 
onlv in the direct mcthotl. 
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Fig, 1- Normal Eye-ground, — A iiiwlernkily pigmented 
teye-ground, the iiignientation being stn>nget)l about the optic 
I serve and behind the macula and it« BurrouiidingH. At the 
P periphery is seen the mottled appearance due to the increased 
I' amount of pigmentation in the intervoficular spacea of the 
I choroid. In front of the latter, iu the center, are the retinal 
t TGfiBels with their lines of reflection. The arteries are lighter 
' in color than the veins. The optic nerve possesses a moder- 
. Ktely deep excavation with a correapoiidingly light color, a 
[ Kleral ring, and a somewhat blurred choroidal ring. 

Inexperienced observers often full into the error of mis- 
I taking the dark intervascular spaces in the normal eye- 
t. ground, or the bright striations Iwtween the dark islands for 
L |iathologic conditions, and are thus led to make the diagnosis 
I .«f disseminated choroiditis. It is, therefore, well to study the 
T appearances of the normal eye-ground, especially the appear- 
* ance at the periphery. 
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Fia. 2, a. longltndliuJ Section of > Honn&l Papilla gUined \tith 
Wwgert'a stain, ahowing how the nerve-fibers of the 0|>[ic nerve lose 
their tDedullar.v iibi;ath (black color) as they puNi through the htmina 
cribroBU and thus dimini^ the caliber or tha optic uerve. The hiaud in 
the TeeeeU of the optic nerve, the retina, and choroid, as well aa in the 
neighborhood of the optic nerve, wherever it is present, is alao st«ined 
bUck. In the region of the papilla the central veaicla (F. e.) are in part 
imbedded and appear like round evils. 

When the oerve-flbers retain their medullary sheath until they reach 
the ieliii>~a condition which is constant In the rabbit and occurs occa- 
sionally in man, although only to a slight degree— a white radiation 
aboat the papilla is prmluced which is rapresented in Fig. 6, a, b, c. The 
mednllaled ncrve-flbel« thi'n appear gliatcliiuK white in the ophthulmo- 
Kopic image. They are nut tniD8i«rent. and therefore obscure the retinal 

In this picturu there is a well-marked oicavatioa where the Berve- 
flbers diverge after passing through the lamina criliruHa, itiCTeriug in this 
respect from the fallowing picture, where the divergence ib very slight 
(cf. Fig. 3, 4). 

In the ophthalmoscopic image this appears as a pallor of the center of 
the papilla, or the Ho-called physiologic excavation — pule r because the 
white, glistening coiiuective tisane of the lamina crihroaa is seen more 
plainly through the diverging nerve-fibers. 

The rise of the eicavatiun T»riea greatly within phygioiogic limita. 
When it is large, it is often difficult to decide whether we have to deal 
with • phyaiologic or pathnlngic. that is (u say, glaucumatous cup. 

V. e., cential vEBseU; Pig., pigment- epithelium of the retina. 

Magnilleil l-l timcN, 

Fio. 2. 6. LougltDdlual BDctlou through a Ronnal Papilla ilunrliic 
Almoit So Excavation.— The bead of the nerve barely projectn above 
the level of the retina, so that there is ouly a very slight papilla. 
Behind the depreuion, ivhich is very ahiilluw, the urteria et vena cen- 
tralis retina! can ho traced for a short distance. Stained with hema- 
toxylin and eosin, Nuclei and gmnules of the retina violet ; connective 
tisane reddish. 

V. c, central vessels; J., subdural space of the optic nerve between the 
dnnl <D.), or rather anicbnoiilnl, and the pial ^P^ sheaths, traversed hy 
trabecule of connective tissue from the arachiioidal sheatb (cf. Fig. 21), 

HagniHed 14 times.' 



1 



' In the figures, which accnrately reprodi 
Intervals apjicar here and there helweeii tl 
between the choroid and the scl 



licmscopical section^ 
and tlie choroid and 
inipossllilo lo avoid this in pre- 
irw. imagine the various layera 
iplies to many of the following 




lt.f:K>i[|ili(itd..UunduiL. 




ilHt ' j.n,,,i„^, li|, li . jn««^) i * /.»« "'''■ 
«2li^iw<^« 'wv- .-V-J^^iw I nor 









Fio. 3. Section through the Retina, Choroid, and Con- 
tiEfuolu Sclera in a Normal, Moderately Pigmented Eye at 
a distance of scvt-nil iijillinifiLi-a i'ruin llio iuiicula lutea. — 
The tissuee wero fixed by iiiiiiiursiiig the fri-slily eniidealeit 
globe in a warm saturated bit-hloride solution, hardened with 
ucohol, and stained with hematoxylin and eosin. 

The preparation with the power used for this illustration 
does not show the individual fibers of the nerve-fiber layer. 
In the inner reticular layer Miiller's supporting fibers are 
barely seen as tioe red lines. In the int^ruuclear layer the 
outer reticular layer is easily distinguished from the outer 
fiber layer. In the layer of rods and cones the outer seg- 
F ments of these structurej^ are recognized by the fact that they 
are Bomewhat bent (probably an artefact), while the inner 
t^menta are placed vertically on the external limiting mem- 
brane. The nuclei of the pigmentr«pit helium of the retina 
are plainly seen. The blood in the ciioriocapillaris and in 
. the other vessels of the choroid, as well as in those in the 
anterior layer of the retina, is stained bright red by the eosin. 
In the choroid the pigment-cells are Found chiefly in the 
intervals between the larger vessels (corresponding to the 
' {Hgmented intervaspnlar spaces of the ophthalmoscopic image ; 
i rf. Fig, 5, b, for instance). Only that portion of the sclera 
f which is contiguous with the choroid is seen in the pictures 
I of Fig. 2. 

, Nerve-fiber layer ; ~, ganglion-cell layer ; S, inner retic- 

[ talar layer; 4y inner unclear layer; o, intemuclear (outer 

[nticular) layer; C, outer nuclear layer; 7, layer of rods 

Band cones; #, retinal pigment-epithelium; K, retinal vessels. 

Magnified 214 times. 



Fio. 4. Kormal Eye-^onnd. — The eye, being tliat of a 
bloude, positeeses less pigineiit than that ehowu in Fig. 1. 
Note eiipeeially that the pi^'meiit-epithelium of the retina ia 
much mure truuspareiit, »j that the veBaeis of the choruid are 
very distinct. As the choroid also poasettses a small amount 
of pigment, the intervascular spaces are ligliter instead of 
darker than the vessels. The fovea in this case is red, and 
the reflex of the center of the fovea is uot seen on account 
of the pale color of the eye-ground. In the optic nerve tho 
excavation and the choroidal and scleral rings are very 
marked. 

To understand the appearances of a normal eye-ground a 
knowledge of the normal anatomy of these parts is indis- 
pensable. The most important anatomic details are illus- 
trated in Figa. 2, a and b, 3, and 14, a, 6, e. 
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(Fig 



7-11.) 



Flo. 7. Congenital CircomBcribed Defect of the Choroid 

LfOoloboma Choroidete) id the luwer pnrl of the Ggurt (erect 

^ reduced to the Kize of the iuverl«d itnaj^e). 

be defect exposes the sulera and hua & roundish nut- 

, its upper border being at a distance of three optic- 

srve diameters from tbe papilla. Along this border a email 

inouiit of churoitjul tissue is stiJl present, but further down 

' s tnembrane is represented only by a few remnants in the 

a of pigment-spDts and a few veBsels. Some of the retinal 

lels are seen on the surface of the coloboraa. The rest of 

. e eye-ground is imrmal. 

These defects of the choroid in the lower segment of the 

«e have been attributed to persistence and failure to unite 

f tbe fetal cletl. Thtsexplanation, though simple, is not quite 

'equate. The fetal clefl lies in the region of tbe optic vesi- 

I, which later becomes the retina, but aa a matter of fact 

e retina is not abi^ent in the re^xion of tbe coluboma, since 

1 in this and in the following figure retinal vessels are 

D traversing the eoloboma. The defect is therefore not lu 

e optic vesicle and its cleft, but in the region of tbe mcso- 

■ of its derivative — the choroid. These inferior colo- 

md other cnngenital defects (cf. tbe following figures) 

e probably due in many cases to intra-uterine disease, and 

t IB prnbahle that the fetal cleft plays but a secondary role 

B the first group, consisting of inferior eoloboma of the iris 

d choroid. 
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Fig. 8, a. Congenital Circumscribed Defect of the Choroid 
and Ualformation of the Optic Nerve <■ Coloboma Choroideo 
fit Nervi Optici) ^erect imni^e rcductd to tlie sizo of the 
invertcti imiige;. 

The choroidal delect in tliis case surrounds the optic Denrfii I 
vihic\\ ia much JDcreased in size. The tnatiner in .which the j 
ve^els leave the ojitic disk is altogether abnormal. The 
optic nerve and the portion of the edera joining it below {{ 
are excavated (ectalic), the larger cavity containing three ■ 
smaller diverticula, two oval and one round (^taphylomata). ' 
A few retinal aod choroidal vessels are seen in the region of 
the coloboma. 

Flo. 8, b. Congenital Defect of the Pigment-epithelinm 
of the Betina in the Region of the Sacnla Lntea, — Tiie 
two whitish patclies corretipiind to dL-ftcts of llie choroidal i 
tissue wliich expose the sclera. They are traversed by a few | 
choroidal vessels. At the temporal border of the optic di^n 
there is another defect of the choroid Imving the form of a'| 
triangle with the apes broken off. In tlie orange-co)ored J 
areas, where the pigmeut-epithelium is absent, irregular liuea | 
of pigmentation ore seen. The rest of the eye-ground i 
normal The other eye shows similar changes. 



^^^B^^^Q^^^^I 


^^^r ^^^^^^^^^^^H^^^^^^^^^^^^^^^^H 


of tb> ^H 

defect ^H 

Tho ^H 

mnded ^H 

feci of ^^H 


.email ^^H 
the ^^H 

e seen ^^^| 


pole 

r the 
■ibIe. 

r del 


nly. 
ator 
ribnt 
I. ar 
inal 
of th 


rior 

is vi 
imila 


||i||| ■ 


^ 1 -e S ^ ^ 




■ |gjs^ 


^"'rl'si H 


above the 
the upper 
te of the SI 
The optic 

eye present 


The pictnri 
riphery nea 
be choroid 
d the choro 
.pens none 
peripheral 


roid 
-In 

whi 

her 


x^im m 


■ SlSi^ 


ilj-g-=.s ■ 


S-B.2 ^i^ g.S a" « . g ^M 


«iy,5s 


Alb 

rtio 


■g a ^ £■'== 


;rS.£El.2 ■ 


•fl= si 1*1 J lis ■ 




tal Absence > 

1 situated in 
ein (one of t 
;nce of pigm 
ite backgrni 
e very minu 


'3 S.2-='s ^ 


'i^^i-g^ ^ 


10, o. Congi 

rted image), 
the choroid 
easels pass u 
ular atrophy 
id in the sau 


10. b. Cong* 

f the eye-fjro 
J see a vortej 
the entire a 
nctly on the 
because they 


IG. 

ve 
rci 


z o-Zs-q^ _ ^m 


Fi 
eye (in 
a part < 
retinal 
byaci 
the ehn 


Fi 
portion 

eye. A 
Owing 
very di 
are see 
ground 

L 



Sl-g-S's =3-SijS-ii, 



s I ^ S 






iS. 



S-ali^l 









3 =s -=3-£ i 









H 



Fig 11 



Fig. 11. Congenital Dislocation of the Lens (Ectopia 
Lentil Congenita) into the lower outer segment of the right 
eye (inverted image). — If the convex lens is held at the proper 
angle the border of the lens is seen passing obliquely across 
the center of the ophthalmoscopic field of vision ; the optic 
nerve is accordingly seen double : both through the marginal 
portion of the lens (small image, somewhat oval) and outside 
of the lens. The optic nerve presents a crescentic, atrophic 
area with the concavity presenting downward, such as occurs 
in myopia. 
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^H Fro. 14, a. Horizontal Section of a Normal Hacnla Lutea, 

^1 almost exactly through the fovea ceutralis (F. e.). — The freshly 
enucleated globe was imiuersed in a warm saturated bichloriij 
solution and hardened in alcohol. The seclioiia were stained 
with heniatoxyliu and eosin. The walla of the excavation are 
probably not so steep in the living subject as they appear iu 
thiH preparation. On the floor of the excavation the pigmen- 
tarv layer is reduced to the slender canee with their fibers 
and nuclei. In the internuclcar layer the fibers, owing to the 
manipulation of the specimen, diverge somewhat (better seen 
in Fig. 14, c), which makes the walls of the excavation appear 
steeper than normal. 

Magnified 14 limes. 

FiQ. 14, 6, ehowa the outlines of the same preparation, 
seen under the same (mwer as the folltitvlng picture. Magni- 
fied 30 times. 

Fig. 14, c Another section from the same specimen tbrough 
the excavation and its surroundings, taking in the adjoining 
choroid and sclera, under a higher power than Fig. 14, a. 
(On the floor of the excavation there is a slight prominence 
which is an artefact,) Next to the pigment-epithelium we eee 
the choriocapillaris. On the posterior surface of the sclera 
are seen several transverse and oblique sections of posterior 
ciliary vessels ( V.). Stain the same as in Fig. 14, a. 

The picture incidentally shows the relative thickness of the 
three membranes — retina, choroid, and sclera. 

Magnified 30 times. 

In both sections we see at the margin of the fovea centralis 
the internal limiting membrane (margo liniitans internna), 
which in the specimen has become somewhat separated from 
its foundation. 
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Fio. 15, a. Longitndinal Section throngh the Papilla in 
Heuritis (PapillitiB, Choked Disk), due tu bniiu-tumor (sar- 
coma of the temporal ioliej,^ — W[aiiii-d with heiuatoxylin. 
I The papilla in this e[>ecimen ib modwately swollen. The 
I Bwelling Diay be much more marked in these cases — even 
I more marked than in the following picture. The separation 
\ of the retina, from the choroid is ao artefact. 

There is a heavy iuflammatory infiltration (proliferation 
[ of nuclei) between the Uiriiina cribrosa ami the anterior sur- 
face of the papilla, lu the sulxlural spncc (J.) occasional 
areas of inflammatory exudate {E.) are sJso seen. The trunk 
of the optic nerve, in the center of which a third segment of 
the oeniral vessel is visible, is also the seat of moderately 
well-marked inflammatory proliferation. 

E., inflammatory exudate in the sulxlural space of the 
optic nerve; J., subdural space; H., retina. * 
Magnified 14 times. 

In this ca^e the papilla and turroundinga first presented 
the picture socu in Fig. 12, o, and latfr that seen in Fig. 
13,6. 

Fig. 15, b. Longitudinal Section through the Papilla in 
Hearitis and FapiUitii from brain-lumor with purulent men- 
ingitis, terminating fatally in spite of trephining.- — Stained 
with hematoxylio and eosiu. The swelling of the papilla is 
greater thau in the foregoing case and would be more pro- 
nounced were it not for the separation of the retina from the 
choroid (artefact). 

The lateral extension of the swelling beyond the border of 
the papilla, which in the ophthalmoscope produces the so- 
I called enlargement of the papilla (see Figs. 1.3, 17, and 18), 
[ is clearly seen. We also see without difficulty n marked 
I engorgement of the vessels, especially of the veins of ihe 
L papilla ( V. e.) and hemorrhages' (H.) into the tissues of the 
L papilla. There is also some inflammatory exudate in the 
nibdural space. 

V.e„ central vessels; E., exudate in the subdural space; 
CA,, choroid ; if., retina; ff., hemorrhages. 
Magnified 14 times. 

The ophthalmoscopic image in this case resembles that 
I ihovD in Figs. 17 and 18. 



Fig. 16. Inflammation of the Optic "Serve and the Adfft- 
cent Portion . of the Eetina in Syphilis (so-called Speome 
Henroretinitis). — There is a marked blurring of the optic 
nerve and its surroundings, due in part to the diffuse central 
opacity of the vitreous. The peripheral portions of the eyo- 
ground in this ease are not diseased, but in many cases they 
are the seat of foci of disseminated choroiditis in various 
stages. The i)icture before us is characteristic, or at least 
strongly suggestive, of syphilis. 

The oi)acity may disappejir under appropriate treatment, 
but usually leaves a more or less pronounced atrophic dis- 
coloration of the nerve. Minute foci of choroiditis may 
develop in the periphery in the course of the disease. 
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Pig. 17. Interne Inflammation of the Optic Nerve (Fapil- 

Htie) after meningitis causfd bv a bliiw on the head. — The 

Inflammation in both eyes haa led to marked infiltration of 

Ae tiseuce of the nerve, manifesting itself in grayisli-whit« 

latches and striic on the papilla and surrounding portions of 

e retina, and iu the htmurrhagea at the lower outer border 

f the discolored arens. The diameter of the nerve is eniar^jed 

indthenerve itself modefatelyewollen and pro mi net) t. Owing 

a the presence of inflammatory product in the tissues of the 

'e, the venous flow from the retina is impeded and the 

s are therefore distended and tortuous (patient belonging 

Prof. Eicbhorst's clinic). 

3 mieruseopic apjiearance corresponding to this picture 
ronld be about the same as that shown in Fig. 13, b. 



Fio. 18. Karked InflammatiDn and CongetUoo of 1.. 
Optio Nerve in Orbital Tumor. — Exopbthalmos (protraeiooX 
was present. Tin' intniouular extremity of the optic nerve 
bIiows marked iiifliuiiiiiiit^iry and edematous swelling Ja the 
picture. The influrimmtory iiifillration appears ae a whitiah 
striation. Tbc veins of the retina are very much congested 1 
aud numerous hi<morHin^e into the retina have occuirod i 
consequence. The retinal arteries are moderatel; d 
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Fig. 21, a. Longitadinal Section through the Entrance of 
the Optic Nerre in Partial Atrophy (of the Optic Nerve). — 
Blaiued by Weigcrt's tiiciIhh), wliii-li wliirs tin- niudullury 
gbfatha a blubli-black. In iliu iitropliio k^t't. Iiidt' uf the 
nerve-trunk the medullary aheatbe are altogether ubeeot. 
Owiug to the partial atrophy and cunsequeut diminiitJun in 
the volume of the nerve, the stibdumi space is somewhat 
broader thnn normal and the arachnoidal eheatb is plainly 
visible. The papilla is already distinctly flatteued from 
atrophy. 

D., dural sheath ; A., aracbnoidul Bheath ; P., pial sheath ; 
V. c'U., ciliary vessel. 

Magtii^cd 14 time;!. 

Fin. 21, b. Longitudinal Section through the Bisk in 
Total Atrophy of the Optic Nerve, stained after Weigert. — 
All the medullary sbeatba are wauttng. The trunk of the 
nerve ia thinner even than in the preceding case. The |>apilla 
shows a distinct atrophic excavation, on the floor of which the 
lamina cribrosa is laid bare. A portion of the artcria cen- 
tralis {A, e.) is seen In this section. 

This is the microscopic appearance that corresponds to the 
ophthalmoscopic picture shown in Fig. 20, b. The patient 
from which the specimen was taken presented at the lime of 
his first examination a beginning gray atrophy like the pict- 
ure of Fig. 20, a. and later advanced gray discoloration of 
the papilla, as shown in Fi^. 23. Later he developed pro- 
gressive paralysis and died in the insane asylum. The pos- 
terior half of the globe was kiudly given me by Prof Forel. 

Minified 14 times. 



Fiii. 22. Atrophy of the Optic Nerve due to Xnore 
Intraocalar Tension (Olancoma). — The entire end of I ^ 
nerve shows marked excavation and dark discoloraticM 
The lamina cribrosa is pushed back and plainly visifa^ 
owing to ihe disappearauee of the nerve-fibers. The <" 
roid tiear the optic nerve is atrophied and forma a | 
areola, aliio known as thi; glaucomatous halo. The retu 
vessels are sharply bent at the edge of the escavation B 
dip dowD to the floor, where some of them become visible ol 
the lamiua uHbrosa. At first the veins are eotigested i 
dilated, but now the vessels of the retina are also beginaiiy 
to atrophy. ParaUnctic dislocatioD and measurement in tT 
erect image (see Introduction) reveals a distinct moveme^ 
of the edge of the excavation in front of the floor, and t 
excavation is found to be about 2 mm. deep (6 D diSerentd 
of refraction between the edge and the floor). 

The glaucomatous changes in the end of the nerve B 
illustrated in Fig. 24. c and d. 
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Fio, 24, a. Meridional Section through the Regit 
Angle of the Anterior Chamber in a Normal Eye. — TUe cil- 
iary hudy lnjcfliue loowiiiej! thuu ihi' fdtra Juriti;; ihe prep- 
aration uf the e{H-dnien, but the put-itiun of the iris is ajiprux- 
inmtely correct, bd that the angle betweea its ciliury attachtneut 
and the curnea is well seen. 

Cv.e., circulua venoeuB ciliiiriH, or Schlemtu'e canal, or, in 
the new nomenclnlure of the Anatumical Surety, ainus veno- 
BUS eclerie ; L.p., liganieDtum pectinatutu. 

Magniiied 14 timed. 

Fio. 24, b. Section through the Same Eegion, sbowing the 
Obliteration of the Angle of the Anterior Chamber wbich 
often occurs in Glaucoma. — As tlu' iiinn'ims Imnntr It'iives the 
bulb tliniugh tlie angk- oi' ilio niiteridr L'hnnibcr, iibliterntion 
of that angle ulwtrucLs its outfiuw and thus explaina the iu- 
creased pressure in glaucoma. The fluid \e retained witliin the 
bulb and thia givea rise to the further symptoniB of glaucoma, 
especially the exeavation of the head of the nerve by pressure, 
which is shown in the twu folluwiiig pictures. 

Magnified 14 tinn«. 

FiQ. 24, e. Loneitudiual Section tbrongh the HewL of the 
Optic Nerve in Aavftnced Olancoma. — The ext^vation of the 
end of the nerve due to tlie increased intraocular pressure is 
well murkiti. The papilla ia replaced by a concavity with steep 
sides, the flmir of which is formed by the lamina cribrosa and 
the ncrve-fibera which have not as yet become atrophied by 
the pressure and kinking at the ciige of the papilla. 

Fio. 24, d. Longitudinal Section through the Head of the 
Optio Nerve in a still more Advanced Stage of Glaucoma, 
showing the diminution in size of the trunk of the optic nerve 
produced by atrophy of the nerve-fibers and the increase in 
the width of the Bubdural space [of the optic nerve]. — In this 
section the kettle-shaped excavation on the end of the nerve 
that occurs eo often in glaucoma is quite pronounced. As the 
nerve becomes smaller between the lamina cribroea and its 
anterior extremity, as shown in Fig. 2, a, the glaucomatous 
excavation in which the lamina cribrosa is pushed backward 
by the abnormal pressure upon it is very apt to take on this 
kettle shape, that i» to say, to become narrower in front than 
behind. To a limited degree this may be seen in the pre- 
ceding figure. 

Fig. 24, c and d, nmgniGed 14 times. 
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Fio. 26, a. Section throogh the Rstms in Retinitii Alba- 
minnrica- — kStained with hematoxyliu and eosin. 

The ravages produced hy the disease will be at once seen 
b J comparison with Fig. 3. Numerous hemorrhages stained 
red by the eosin occupy the anterior layers of the retina. In 
the internuclear (outer reticular) layer we find between ibe 
fibers numerous ga|>a formed by edema and exudation. In 
Due spot (stained very dark) is seen a mass consisting prob- 
ably of fibrinous exudate (cf. Fig. 27j. 

Similar gaps are seen in the nerve-fiber layer whicb con- 
tains numerous varicose uerve-fibers shown under a higher 
power in Fig. 26, b and c. 

Magnified 20 times. 

The Bection corresponds approximately to the ophtbalmo- 
scopic pictures sbown in Fig. 28, u and b. The white foci in 
the retina corresiwnd anatomically to the masses of fibrinous 
exudate represented in Figs. 26 and 28, or to varicose nerve- 
fibers that are often aggregated in bundles, or possibly to 
collections of wanderingleukocytes and tissue-eella in a more 
or less advanced stage of fatly degeneration. The fatty de- 
generation Is not seen in the siJecimen, which, however, snows 
masses of emigrated lympb-corpuscles scattered here and there 
among the tissues. 

Fui. 26, 6 and c. Varicose Nerve-fibers from the section 
shown in Fig. 26, a, under a higher piwer. — Along the 
spindle-shaped thickenings of the nerve-fibers (stained violet 
by hematoxylin) are found nuclei of lymph-corpuscles or 
inflammatory leukocytes, 

Magnified 112 times. 
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Fio. 27. Alterations in the Retina in Betinitla Albu- 
mlnUTioa. — u repreaents a. Bcction through the retina, cho- 
roid, aniJ part of the sclera. The interval between the 
layer of rodtt and (.'ones aud the pigiueut-epithelium, and 
the separation of the internal limiting membrane from the 
nerve-fiber layer are artefacts. 

6 represents au adjoining portion of the same specimen. 
Ill the nerve-tiber layer and in the ganglion-cell layer leuko- 
cytes are seen Hcattercd through the tie^siies, especially in 
Fig, 27. 6. The lymph^paces are wi3er than normal, owing 
to edema and the presence of amorphous exudate. The in- 
t«rnuclear (outer reticular) layer contaioe a network of tough 
fibrinous exudate stained red by eoain. In Fig. 27, b, an 
amorphous fragment, similar to that shown in Fig. 26, \a seen 
in the midst of the fibrin. The tissues of the interniiclear 
(outer reticular) layer are likewise edematous (larger gaps 
in the tissue). The layer of rods and cones is degenerated 
and granular, the elements being widely scattered in places. 
The choroid is the seat of a pronounced inflammatory in- 
filtration (J.). The blood-vessel V., in Fig. 27, a, shows very 
little inflammatory thickening, in marked contrast to the 
blood-vessel V., in Fig. 27, c, the walls of which are greatly 
increased in thickness and contain pigment-granules. 

1. Layer of nerve-fibers and ganglion-cells; 2, inner retic- 
ular layer; 3, inner nuclear laj-er; 4. iniernuelear (outer 
reticular) layer ; 5, outer nuclear layer ; G, layer of rods and 
wnes ; 7, choroid ; S, sclera. 

a and li magnified 122 times; e, 150 times. 
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Fig 31 




Fio. 31. Changes in the Eye-gronnd in Pernicious Ane- 
mia. — ^The eye-ground is paler than normal. The disk is 
anemic and considerably lighter in color. The dilatation of 
the arteries is slight, that of the veins marked. The retina 
contains numerous hemorrhages ; some of them are pale in 
the center, which is rather characteristic of pernicious ane- 
mia, although it also occurs in other forms of retinal hemor- 
rhages. A few white patches are also seen near the optic 
nerve. The patient, who belonged to Prof. Eichhorst's clinic, 
died soon after the picture of the eye-ground was made. 

Fig. 61 shows a microscopic section of an area of the retina 
containing hemorrhages of this kind. 



Fia. 32. Obstruction of the Central Artery. — Tlie edges 1 
of the optic disk are obscured by a thick white opacity of I 
the retina, which extends over tlie eotire regioii of the poete- I 
rior pole. The vessels in the tteighimrhood of the optic nerre J 
are mdistiuct in places as if they were interrupted, while IB 5 
the macular region the minute retinal veseeU appear esp^l 
daily distinct. lu the middle of the foveal region we see ft I 
cherry-red circular patch, not due to heniorrbage, but to wjt 
thinning of the retina, allowing the choroid to be Heeajil 
through it, the red color beiug intensified by contrast withl 
the white Burroundings. The retinal arterieti, which at firrt J 
were contracted, have now regained their normal caliber! 
fairly well, but they are still narrower than the veins. Th»1 
blood-column in the arteries ia interrupted in places. At the J 
periphery the retina is normally transparent, ro that the pig* I 
mented intervai^cular spaces of the choroid are plainly see 

The obstruction of the central artery, which is the ct 
of this ophthalmoscopic image, was formerly always attrib-J 
utedto embolism. In my opinion the cause of the drculatnrjrf 
disturbance is much oftener tliTombosis or obliterating endar^ 1 
fmtu, embolism being very rare. 
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Fio. 34. Obstruction of the Superior Temporal Artery of 
the Retina by Thrombosis, Obliterating Endarteritis, or 
Embolism. — The retina is cloudy in the distribution of the 
arterial branch. The site of the obstruction cannot be 
clearly seen. The obstructed vessel contains nearly as 
much blood as a normal vessel. The opacity of the retina 
is moijt sharply defined toward the macula, where it is also 
most intense, as is also usually the case in obstruction of the 
central artery. 



Fig. 35. 
reotu in a Toung 1 



orrhagi 



s in the Retina and Vit- 

t motlvKl).— liHter, heni- 
mce into the vitreoua also occurroi and it lucaiiie very 
difficult to see the eye-ground. The cauae of the process was 
never dtteniiiiied. The urine contained no albumin, hence 
the atelhtte figure in the macula cannot be attributed to albu- 
minuria, A vein in the nuaiil portion presents white mark- 
ings. The retina oontaina numerous hemorrhages of various 
sizes. .\ large hemorrhage above the posterior pole, which 
does not alter its form, has sent blood down to the macular 
region where the blood, being fluid, forms a horizontal layer. 
When the head m inclined to one side the level of this col- 
lection of blood immediately assumes the corre!<poiiiliug angle, 
showing that we have to deal with a sacculated hemorrhage 
between the vUreout and the reliiui. 
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Fici. 36. Syphilitic Disease of the Retinal Arteries. — In I 

the lower left-hand portion of the picture, oo r respond in g with J 
the distribution of tiie discasc^d nrterial trunk, the retina is i 
cloudy and covered with numerous hemorrhages. The diB-V 
ease of the arterial walls manifests iUelf in various places UkM 
this region in the form of white lines which accompany tbiT 
bloud-colunin. lu places the blood-column ia entirely oIm 
Bcured by the walla which have become opaque. In thaj 
lower right-hand portion of tbe picture there nre also Oil 
large number of hemorrhages, but the retina is not cloudfT 
and no vascular changes are visible. At the opposite borde^ 
of the picture (to the left ami above) is seen an artery wiUtS 
changes in its walla without, in this case, either hemorrliac 
or opacity of the retina. The retina probably does not D. 
come cloudy unleas the disease leads to complete occlusion otM 
the veaaelij and cuts off all the blood-supgdy through the ool^ 
laterals. Hemorrhages may be present even when the arto^J 
rial disease cannot be detected with the ophthulm 
Finally, the walls of the arteries may appear white withoulH 
either opacities or hetnorrhages appearing in their distributioB^ 
The pathology probably correaponds to that of syphilitioS 
disease of the arteries in other parts of the body (brain, etfc) ;S 
thickening of the intiina and adventitia, first by cellular, ancll 
later by fibrous tissue. The thickening is often so great that I 
the lumen of the arteries is almost or quite obliterate. 
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Fk). 36, a. Syphilitic HeuroretinitiB snd Slnan of t 
Eetinal Arteries, fourteen dnys after the beginuitig of thel 
(iiaeaae,— Tiie onaet was sudden; one eye only was aSectetlJI 
At firsl lliere was merely tlie picture of neuroretinitis witkfl 
marked hyperemia (correspiMuHng approximately with Fig, ^ 
12, a), and in the macula a difl^use upadty with a sma" 
grayish patch. Vision was curupletely loet in the center, iad 
the entire nasal half, and tu the upper outer portion of H 
visual field. In spite nf imiuediate and energetic treatmei 
vision did not return tind sour* the picture of Fig. 36, a, deTBW 
oped. Although no albumin was ever found in the urinmf 
numerous white foci of degeneration appeared in the i 
near the macula and about the optic di«k, while the inferior J 
temporal artery showed syphilitic disease of ibi walla in the \ 
form of small white scales. .\t the same time tho neuritis J 
disappeared and was replaced by atrophy. Infection had- f 
occurred Iwenty^seven years before. 

This disease of the retinal artery, manifesting itself JQ I 
white scales, I consider peculiarly characteristic of syphilitic j 
disease of the vessels. T 

This case also shows that the stellntti figure in the macula 
is not peculiar to albuminuria. It is probably a general 
expression of intense diw.ise of Ihe vessels and correspond- 
ing interference with the retinal circulation. 




Fig. 36^- 
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Fki. 36. b. Angioid Streaks in the Betina. — Tlie natii-nt, 
ageil tifly, pre^eDts nothing iiiipurtaiit in liis clinical ui^tory, 
and physical examination fails to demonstrate the presence 
of urgaaic dieeaee. One brother haa angioid Btreaks very 
similar to thoBe portrayed in the illuBtration. 

(i, Rigid Eye. — K- counting fiugera at 60 uin. The optic 
diak preserves its capillarity upon the nasal side, but presente 
upon its teniporal aspect a patch of atrophic color. It ie sur- 
rouiiiied by an area of superficial choroidal atrophy. The 
retinal vessels, both veins and arteries, are alxiut normal in 
size. Birectly in the macular region, and occupying a large 
space of the temporal half oftheeye-grouud, is a huge, almost 
circular hemorrhage, broader and more fringed below, its 
center being occupied by whitish and yellowish areas of 
re tiqc choroid a) atrophy. Chiefly upon the nasal side, and 
generallv following the course of the retinal vessels and Ij'ing 
in the plane beneath them, is a system of branching streaks, 
somewhat granular in appearance, partly brownish and partly 
reddish in color. Within the boundaries of the hemorrhage 
previously noted may be seen another system of streaks, some 
brownish, and others still fresh and hemorrhagic, and directly 
connected with and proceeding from the band of blood-ex- 
travasation which circles this area. Downward and inward 
from the margin of the hemorrhage may be seen a small patch 
of similar streaks just beginning to form. The rest of the 
eye-ground is without notable lesion. 

6, Lejt Eije. — F— counting fingers at 50 cm. The optic 
disk is round, the atrophic area being more decided above 
than elsewhere. It is surrounded by a patch of superficial 
choroidal atrophy and pigment disturbance. Everywhere 
thriiughaut the eye-ground are numerous anastomosing nrown- 
iiAx and reddish-brown streaks, of a character similar to those 
found in the other eye, but evidently at a more advanced 
periiMi of their formation. The macular region and temjnral 
half of the eve-ground are occupied by a large vertically oval 
pla()ue of c)ioroidal atrophy streaked with black pigment. 
Bordering this below, and between It and the disk are broad 
reddish bauds, somewhat resembling exposed choniidal ves- 
sels, of which, in some instaucea, they are representations. 
It is evident that the process in the left, which is the one first 
afirected, represents a further advanced stage than that in the 
right eye. 





Fig. 36, c. Changes in the Eye-gronnd in Arteriosclerosii.— 
The left eye-erouud represented is that of a heavily built florid 
woman, agea sixty-five, who since 1890 sufTered much from 
bronchitis of the influenza type. At night she is somewhat 
aathmatic and complains of being rheumatic; she is muohj 
troubled with droHsiness. The capillaries on her face i 
somewhat distended over the bridge of the nose and on tham 
cheek-bones. The radial artery is a little rigid to the touch,/ 
and more rigid upon the left than upon the right side. Th^ 
temporal arteries are plainly visible, although not greatl]^ 
distended. The urine has a low specific gravity and conta' ' 
a trace of albumin and occasionally a hyaline cast. 

The vision of the eye is J. Ophthalmoscopically, tha fbl- ' 
lowing lesions are evident: E<jema of the nasal niamn of tha < 
disk; light- colored, somewhat tortuous arteries, tne upper | 
temporal artery being markedly and unevenly narrowed and 
constricted, and bordered by one or two old extravasations ; 
distended veins, presenting numerous alternate contractions, 
typically exhibiting the signs of mechanic pressure where 
they are crossetl by the diseased arteries, the upper temporal | 
vein being so impeded in its circulation that it is fringed with 
H white border of infiltration, unevenly contracted and grad- 
ually dwindles to a tortuous thread, preceded by several I 
varicosities; in other words, in one eye-ground, all of the | 
appearance which are characteristic of arteriosclerosis. 





Fig. 3«c. 
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Fia. 37. Pigmentary Degenerfttifln of the Retina (Satin- 
itis Figmentoaa). — Tlic disease always affects both eyes. The 
degeneralive eletticiit iu the di^^ense is mucli more ninrked 
lliaii tlie iiiHiimniatory, heucu ihe term ingiueutury dfgeiiera- 
tigu is U) be preferreif. The dejjenerative nature of llie din- 
ease manifcats it^lf in the emitraction of the vessels which 
appears very early [in the disease]. As the proeess goes on, 
the arteries and veins become smaller and smaller. At the 
eame time the optic nerve gradually assumes a slightly atro- 
phic, yellowish- white appearance. The entire eye-ground be- 
comes paler, more gray or leaden-huetl, Che longer the disease 
jasts. The characteristic coal-black pigmented patches first 
appear singly in the periphery of the retina and slowly in- 
crease in size as the years go on. (The picture shows (juite 
an advanced stage.) Tlie pigment-palchee are always small, 
sharply outlined, with serrated edges resembling hone-cor- 
puscles, or stellate, and occasionally linear or bifurcated; 
they follow the course of the retinal vessels. The macular 
region and the region of the optie nerve remain free from 
pigment-pfltchea longer than anv other part of the eye-ground. 
White patches do not occur. In exceptional eases a few yel- 
lowish-white atrophic foci may Inter develop in the choroid, 
usually very near the periphery, or there may be a sprinkling 
f whitish dol« in the macular region. 
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Fig. 38. Pigmentary Degeneration of the Betiaa (SeUnTI 
itii Pigmentosa). Advanced Stage. — The color of the eye- 
ground is iin>rL' trray or k'liii-toloivii, ihi- |ii^'iiieiil-patcliea are 
thicker, and in pluccs form a regular utiwurk. The atrophic- J 
dieculuration of the optic nerve is more marked and the res- 1 
Bels are smaller than m the last picture. This ra§e iUnstnitat ' 
the peculiar character of the visual disturbance in this db-^ t 
ease. Tlie visual field beeonies smaller and smaller and i^ 1 
finally reduced to a miuimura ae the di^ase progreeecs. A»l 
eliowu iu the figure, the outermost zone of the retina remuul 
free from pigmcntutiou until this time. Accordingly, ths*! 
detect in the visual field was a circular scotoma correapoDd- 
itig to the zone of pigmentation of the retina, showing th ' 
the retina loses its fimction wherever it is attacked by tl 
disease. The pigmentation is probably a secondary pro* 
as contraction of the visual field may occur without it. 

The anatomic changes of the later stage are show 
Fig. 45, e iind d. where the enormous atrophy of the entin j 
retina is much more conspicuous than in the ophthalmoecopio I 
image. The eection shows how the retina eventually becu&Mi \ 
entirely converted into connective tissue and loses its normal ( 
transparency, explaining the gray appearance of the ey«- 
ground in the severer forms of this diBeose. 




Lith, Ansl y KtuMuAA i 



Fin. S9. Disease of the Eye-ground in Hereditary Sypbilii. 

— This ligirre tmd the two iiilluwiinr represent vRrimis forms 
of the same disease — -hereditary syphilis — which, like the 
Bpecific proee^ in general, niiuiifesls lUelf in various fiirtns. 
Whether the primary seat of the disease in these cases i» in 
the retina (pigment-epithelium and rrtds and cones) or ip the 
choroid, has not, in my opiuinu, been definitely established. 
I have inserted these pictures niuotig the retinal diseases be- 
cause the pigment-patches appear tu me to 1>e situated for the 
most part in the retina, and because in some cases the disease 
shows a certain .similarity to pigmentary degeneration of the 
retina whieh has just been described. The |)eriphery in the 
lower letl-hand portion of the picture presents a leaden hue 
and coal-black circular and triangular pigment- patches. The 
rest of the eye-ground is covered with minute yellowish-red 
Bpots. The yellowish-red rouudish spots stand out from the 
brown dotted background, which looks as if it were sprinkled 
with snuff. The retinal vessels are rather small and the optic 
nerve somewhat discolored. I have chosen for this picture a 
case in which the disease was very well marked. Sometimes 
the sprinkling is found only in the periphery of the eye- 
griHind, and is neither so well pronounced nor so extensive as 
in this picture. But whenever this sprinkling is at all well 
marked it indicates hereditary lues. A similar but much 
finer sprinkling of the eye-ground occurs in cases of insuf- 
ficient pigmentation (in blondes). The latter, however, is, as 
a rule, seen only by the direct method, while the luetic can be 
seen by the indirect method. 



Fia. 40. Alteratioiu of the Eye-groimd in Congenita 
Syphilis. — In this form, which is not ijuite so scvt-reaH tha|| 
^hown in the last picture, ihc diM-aee ie otlcn confined foriia 
long tioie to the periphery. In this diseiise itlso the pigmeiit- I 
patches ure probubly, fur the must part, situated in the retina ] 
and are caused by a disease of the pigment-cpitheliuin. I taaj 
nnahle to decide nbether the jHile linear and drcular yellows 
\sh patches are situated in the choroid or ju the pigment^ 
epithelium. They may be situated in one or the other. '■ 

This and the following form of the disease are not rarel<f 1 
found after a diffiiEe interstitial keratitis if, after the cfiruwl 
has become sufficiently cleared up, the periphery of the eyo- 1 
ground is carefully examined. In aimie cbiks the patches j 
may be confined to one side, in othersi -they may be scattered 1 
more or less over the entire eye-ground [and on both sides}. 

In the case here represented there had been a keratitis. 

The increased pigmentation at the margin of the optic disk, I 
seen in Figs. 39-41. may not be present even when there is & \ 
chorioretinitis, and Antonellis'e supposition that this mar^nal 
pigmentation (choroidal ring) is a stigma of hereditary syph- I 
ilis is not quite correct. It occurs also in normal eyea. ' 





Fig. 40. 



Fia. 41. Alteration of the Eye-^oond in Congenital Syph- 
i — In place of the black ami i^ray patclies, which predom- 
te biitti in size and number in the iljregoing picture, we 
find in eome cases only whitish, al.w circular, aud often con- 
fluent patches. The larger of these are undnuhtedly situated 
in the choroid. This is i<hoWD in the figure by the oval white 
I patch traversed by a red vessel. It la a choroidal vessel, 
' nence the choroidal tissue near the vessel is absent and tlie 
white of the sclera shows through. There is no doubt, how- 
ever, that tlie pigmeut'epitheliuni of the retina has disap- 
pearetl at llie site of the patches, and is slightly increased 
about their margins, so that the margins appear somewhat 
darker than the surrounding tissue. This condition also 
followed an attack of parenchymatous keratitis. 

Occasionally the forms shown in Figs. 40 and 41 are asso- 
ciated, resulting in a niisture of both dark and light circular 
confluent patches at the periphery, while sometimes, in addi- 
tion, we find the form shown in Fig, SS— vir., minute red and 
vellow »pots on a brown, mottled background, with a sprink- 
ling of small pigment- patches. 

In general, these three types of hereditary specific eye- 
ground disease show a tendency to the tbrmalion of spherical 
Foci, which coalesce and form irregular figures. 
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Pio. 42. Secondar? Figmentation of the Iletina in 1 
Beminated Choroiditis. — Iti the contnil portioo the pirtarj 
Eoniewhat resembles |ii{.'iiniuturv (lejreiieratiDti ' Figs. 37 sim' 
38). The optic nerve is> eomewtiat pnle, the vessels are emd* 
the eye-ground lighter than normal, with a suggestioD of j 
lowish-Bray. This area also contaiiie pignicnl-patches exi 
resembling those seen in pigmentary degeneration. In i 
tion, however, there are large white circular, sharply outliBf 
patches near the periphery. They correspond t<> portiona a 
the Bclera which have become visible, because i>oth tll« plfl 
ment«pit helium of the retina and, owing to tbo diesemiiifttfl? 
foci of inflamraalion in the choroid — choroldliis dmemituiia~ 
the choroidal tis.ines have disappeared. Nothing remMiu o 
the latter except here and there a few isolated choroidal v 
sels, traversing the patches like narrow red ribbons. Am 
even the vessels are wanting in many of these atrophic S 
of the choroid. One of them contains at ila center a am 
patch of pigment. This variety of fhorioretinitit, a lata 
stage of which is here represented, is of^n complicated wld 
more or less opacity of the vitreous, and is frequently cauee 
by syphilis. 

Secondary pigmentation of the retina also c 
other forms of choroiditis if the inflammation is aevere fl 
lasts a Inng time, u will be shown in some of the I 
pictures. 



\ '^ 




i^uM^fl 



* I 
\ 






rr"s » S-S j 



_ - ^ - E'" 3.-8 ^s?.-5!g' a 

-°^|li5-"°'l§:-illl|ij I 



o ^-3 %f S^ ;§^3 a 




.5 :.!■-&: g^Tihs-irtl £ 



; s.-"'S ! 



oB I 5-1 si 



Ihgifliisriiiirifg 



l-S5-3S(S 









= s.3.i-:is:iii imn 9 

S S = " i 5'S 2.5". » jS'f*' B- 



Fig. 44. Disease of the Hacala Lntea of the Retina J 
reanlting from a Hig:h Grade of Myopia. — At a one eeee t 
reddening and sliglit swelling of tlie nasal portioii of t 
nerve thut arii ant to develop when eyes of this kind ard 
Bubjeclcd to straiD, aud which jirubablv reureeent a fum 
tional hyperemia, although they are regarded by some i 
iuflammatory conditions. The disk bI»o is Bomewhat obUqw 
and surrounded by an atrophied portion of the choroid id tht 
form of a " meniscus " or cone. The pigmetitatiou of the e 
ground is somewhat fainter than nurmal. The macular I 
ease manifests itself in yellowish-red spots and a somen 
irregular pigmentation. The middle of the fovea is occoi 
by a black spot surrounded by small hemorrhages. 

Fio. 44, b, represents a more advanced stage of the diae 
recognized by an increa.«e in the pigmentation and the pre 
ence of white sjiots, which indicate that the choroid is involve 
and atrophied in places, exposing the solera, A few palft'l 
spots extend as far as the atrophic meniscus about the optiefl 
nerve. 

Fig. 44, c, shows an advanced ease of macular ( 
which there is not the slightest doubt of the choroid beiog^ 
involved. The optic nerve is surrounded by an atrophic ring i 
which is broadest on the side near the macula. The macular <i 
region is occupied by a large white patch with sinuous and ,{ 
partly pigmented outlines within which the choroid ! 
entirely disappeared, except for a few vessels and trioes,^ 
of pigment. To the temporal side of this the choroid ftnd i 
retina have disappeared, leaving a large atrophic patdl I 
exl^ndin;: as far aa the equator, covered witn irr^ler'd 
maitsea of pigment. 
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Fig. 45, a. Secondary Pigmentation of the Retina caased 
by a Frapnent of PercuBsion-cap (not shown in the picture), 
which remained in tiie eye twenty years. — Posterior segment 
of tile eyn seen from the trout. At the center one sees tha 
o]ttir inTVf and the retinal vessels ratlialing in all direttionB. 
I[i tlie left half of the tigure the retina is detached from it« 
base, but whether this conditi'in was present during the indi- 
vidnal's life, or is an artificial product, cannot be determined. 
The area of retinal detachment shows the pigmentation wliich 
closely reseniblee that seen in pigmentary degeneration (retin- 
itis pigmentoKa. »ee Figs. 37 and 38) better than the reet-of 
tbe eye-gniund. This preparation shows more advanced 
changes in the rt^^tina than are seen in the ophthalmoscopic 
picture in Fig. 68, which also shows the changes 'produced in 
the eye by a piece of pereussion-eap. The patient, who was 
recently examined, now shows much more marked pigmenta- 
tion of the retina than at the time this picture was taken, 

Firi. 45, f>. Sagittal Section of an Eye with a. Total or 
Funnel-shaped Betinal Detachment of Long Standing.— Tbe 
retina extends forward in tbe form of a hand, which is bnmdcr 
in front, ^till contains some remains of the degenerated vit- 
reous body, and surrounds tbe lens. Tbe interval between 
the retina and the choroid is occupied by an amor|iliouB 
exudate. 

Fig. 45, c. Plgmontary Degeneration of the Betina (Eetin- 
Itis Pigmentosa). — This picture represents an advanced stage 
of the disease, hence the normal structure of the retina is 
entirely lost, being represented by a fibrous membrane con- 
taining many nuclei intersjiei'Sied with pigment. The roda and 
cones have disappeared completely. The choroid is mirinal. 

Magnified 30 times. 

Fid. 45, d. A Portion of the Same Specimen under a Higher 
Power. — lu places the pigment is collected about the blood- 
vessels in accordance with what we see in the ophthalmoscopic 
image: P.P., pigment in the retina. 

Magnified 78 times. 
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Fin. 47. a. Perforation of the Uacala Lutea after Cento- 
lion of the Eyeball.' — The patieut, n iiiaii of fifty-two, had 
had a stick tbi'uiMi nt Wis Icil eye lt:u yeatA btfoi'e.' Siuce 
that time the visiou of the injured eye was impaired, and 
the time of my Bret esaminatiou, wheD tlie picture of t 
eye-ground waa made (1891), he could ou!y count fingers 
a distance of 1.5 meters. At the center of the macula ther^ 
is a circular opening with sharply defined edges about hi 
the »\ze of a papilla, tlie nurrounding area is slightly 
with minute dots and in places covered with pale glistening' 
spots and patches. Of the latter a few are ahn found in thfl 
retinal defect characterized by its red color. The floor of this 
defect is almost uniformly red and by the direct method shows 
only a very faint mottling, representing the moMaic arrangement., 
of the pigment-epithelium. But this can only be recognii 
with great diffiouItT, The rest of the eye^round is norn 

I have frequently seen defects of this kind after sevei 
contU!^ion of the eyeball by a blow with a stick or fist, explo- 
sions, arrow wounds, stones, etc. The opening is usually cir- 
cular, but may also become oval in outline, owing to shrinkiiig 
and consequent deterioration of the retina in the neighborhood 
of the macula. It is probable that openings of this kind tn 
the fovea may appear spontaneously in advanced age without 
any traumatism, possibly owing to arteriosclerosis. In a case 
of this kind I saw such a j>crf<>rntioQ in boih eyes in a woman 
sixty-four years of age, with marked arterioEclerasiB and somftj 
albuminuria. 
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Fici. 4S, a. Section through the Uacnla Lutea and Sur- 
roundings in HactQar Siseaie resulting &om Orbital Tumor. 
— The ii]ieuinie]i was taken from the eyeball shown in Fig. 52, a, 
after eniiclealion. The yellowish-red patch with slightly pig- 
mented borders seen in that figure is repreBeiited in the trans- 
verse section by » separation of the pigment-epithelium in the 
region of the foveii centralis, where the epithelium is without 
pigment in places or is altogether wanting. The coues and 
corresponding nuclei are also wanting in considerable areas. 
The nerve-fiber and ganglion-cell layers also show a raarkeii 
alteration. In the gangli<m-cell layer the diminution of the 
cells and vacuole-formation at once become apparent (c£ 
Fig. 14, e, of the normal macula, which is represented under 
the same (wwer). The choroid docs not show any marked 
changes. 

Magnified 30 times. 

Ftu. 48, b and c. Transverse Sections through the Retina 
in Thrombosis of the Vena Centralis Retime (if. Fig. :^.^, b), 
— Section b corresponds to the nrifrhhnrbood of the papilla; 
section c, to nn area somewhat more remnte. Hence we see 
in 6 a larger and more engorged retinal vein (Ret. V.), while 
c shows a greater number of small vessels more or less 
engorged by the dammiug back of the blood. In addition 
there are numerous hemorrhages of varying sizes scattered 
throughout the entire preparation. In c many vacuoles and 
fissures appear in the tissue which must bo referred to edemat 

i. Nerve-liber and ganglion-cell layer; ■?. inner nuclear' 
layer; ^,internuclear(outer reticular) layer; 5, outer nuclear 
layer ; S, layer of rods and cones. 

Sections b and e magnified 90 times. 
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■ Fio. 4!). Opacity of the Retina due to a Blow on the Eye : 

lerlin'B Opacity; Commotio Betinro (direct nietii(Hl,ri;<liic«il|. 

|-Thi8 form of opacity of the retina, which is often ohserved 
ier external violence to the eve by a blunt instrument, was 
SI described and studied by Berlin. The changes soon pase 
r>eo that tbey are best seen immediately after the receipt of 
'« injury. The opacity ia often produced by a blow with a 
it orsiick, by striking the eye forcibly against a hard object, 
blow from a stone or snowball, etc. A milkish white opacity 

I often aeen in two separate portions of the retina, one at the 
! where the eye was struck and another more or less 
jnsive area in the region of the macula lutea. The former 

^ ae a rule, more extensive, more marked, and more per- 
tent, while that in the macular region ie less intense and 
■appears more rapidly. The macula and visual power 
main intact. The opacity at the periphery does not, as a 

|ile, obscure the retinal Tessels. The condition has undoubt- 
y often been mistaken for separation of the retina. The 
juureof the opacity is not as yet well understood. The prea- 
)t picture was taken a few hours after the patient had been 
!t in the eye with a snowball. 



Fto. 50. Opacity of the Retina dne to a Blow on the I 
Berlin's Opacity: Commotio Retinee.^lii thi:< caw the cunti^ 
siiJii was much mgre severe, the tye hiiviiig been struck byj 
large piece of iron ; the retinal opacity is, acconlingly, r""^ 
marked, nnd there are even a few small hemurrhagee in 
opaque area which corresponds to the site of the direct ijj 
jury (the upper border of the picture, htuce the lower portlq 
of the retina). The abnormal sppearanceB all disappeared I 
a few duvB, the opacity in the macular region liret, and aoi 
ailerward that in the lower part of the retina. This traumit 
opacity is readily distinguished from separation of the p 
Aside from the fact that n very recent detachment of t 
retina is usually more transparent Instead of milky white, tj 
course of the vesseis in commiitio retinie Is not affeeted ; thc^ 
is no parallactic dislocation or marked degree of hyp( 
metropia. Besidea, the folds of a retinal detachment t 
wanting. 
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Fin. 51. Disease of the Hacnla Latea due to the Presence 
of a Foreign Body in the Vitreous. — Such is the sensitiveneM 
of the macula luten that even aseptic bodiea that have pene- 
trated into the deeper layers of the eye often produce, after 
u short time, an iaoialed cliseaM of this portion of llie retina 
without directly Injuring the macula. Tig. 51 shows four 
examples of thii^ kind: The small grayish white spoUs at the 
center of the macula seen in a were produced by a particle 
of a copper ^hell, which remained five days in the vitreous 
body. The 8(M>t« disappeared completely after the splinter 
was removed, and two and a half months later vision was 
entirely restored. 

b shows a yellow discoloration of the macular region a year 
after a particle of coPj>«'' (from a cap) entered the anterior 
portion iif the eye. The foreign Inidy was not removed and 

[iroduced the changes shown in Fig. 68, which represents a 
ater stage. Eventually the discoloration decreased, and at 
the present time of writing, seventeen years after the injury 
was sustained, vision is still i. This, however, is an excep- 
tional case. 

The round grayish spot shown in e was produced by a steel 
splinter that remained in the retina twenty hours. The 
splinter which is shown in Fig. 53, a, was drawn hack into 
the anterior portion of the eye by means of a large magnet 
and thus removed. The center of the macula at first showed 
a yellowish pigmentation which was gradually replaced by 
the dark spot seen in the picture, painted three months afler 
the injury was sustained. As a consequence, vision was re- 
duced to ^, the condition of the eye in other respect's not 
being impaired. 

The delicate pigmentation shown in d is owing to the pres- 
ence of an iron splinter from a hook in the vitreous, which 
id a week and was then removed by means of a small 
lagnet. Vision was reduced to |. 
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Fir. 53, e. Air-bubble in the Upper Portion of tl 
ons due ti> the entrance of »d iroji eplioter [direct methoc 
reduced). — The nccident occurred shortly before the ptctui 
WBs made, while the pntieiit una working with iron, and t' 
splinter became embedded iu the lower part of the r 
Its entrance waa followed by the formation of an air-b 
which disappeared after a few hours. These air-bu 
always disappear very rapidly, eo that they can only be si 
immediately after Ihe injury. Severiil uir-buhbles of this k 
may he found in the vitreous body after th« entranoe o 
splinter. Hence air In the vitreous is an important diagnos 
point, Indicating a foreign bodv in the eyeball. OceAsioasLj 
although rarely, the mere injury of the eye by a spliatc 
may, without its remaining In the eye, be followed ty t' 
entrance of air into the vitreous, so that the linditig of si 
an air-bubble does not positively indicate the presence o 
splinter in the eye. 

Air-bubblea in the vitreous look like alr-buhbles in ft!| 
raicrosL'opic section. 

In this case the splinter was immediately removed bf] 
means of the author's large rangnet. whereupon the wouiu 
rapidly healed and vision was completely restored. 
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Fia. 54. Old Injury of the Retina by an lion Splinter.- 

In the two cases shown in the foiv^'oing figure, the foreigD^ 
bodies had been only a short time in the retina and 
lay apparent on the surface or were embedded within ibe 
membrane; the present figure shows two cases in which the 
splinters liad i>euetrated the eye some time before and now 

E resent a somewhat different picture. The fiireigii bodies ara 
ere covered by a whitish exudate, the bluek color of the 
metal showing only in two places in a. In the latter the 
Bplinler, which had been almost two months lu the retina, 

Erodueed a characteristic alteration in the immediate neigh- 
orhnod. The pigment-epithelium hug in part disappeared 
and the splinter is surrounded by a light colored areola ia 
which a few choroidal vessels are seen. This areola also 
shows an irregular pigmentation, which becomes more intense , i 
near the foreign body. In the adjacent region there are three 
small choroiditic foci, light in color, with ill-delined edges, 
and surrounded by irregular pigmentation. 

In b there are no changes in the immediate surrounding 
of the splinter, although at the time the picture naa made 
the splinter had been in the retina six weeks. (Fur further 
details concerning this case, see Uiirzeler, he. dt., B, case 4.) 
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_ Fio 5.5, b. Eetinal B&ndi dse to Tranmatiim fHetiniti( ProUfera: 
tusion of the eye pn>ducing a scleral laceration at the nasal border of t 
?l u; '«"\'";f' T'^i'ed hemorrhage into the vitreous, the examination 
tne blooa had disappeared, ahowed a number of narrow graviah-white 
optic nerre. and for the most part obscuring the vessels, disappearine a 
optic nerve. No retinal detachment. The subsequent anatomic examii 
that the white bands or cords were due to a peculiar proliferation in 
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Fm. 55 a. Point of Impact of a Foreip Body on the Eyfrground 

a forcLgn body with a high degree of velocity, such, for instance, as a t 
a splmter from a hoe enters the eye, it is apt to traveree the entire 
against the eye-ground rebound into the anterior portion of the vitreous 
for. Sometimes the foreign body lies on the lower portion of the ciliary 
In such cases it becomes very important to look for the spot where the 
the eye-ground, in order to determine the presence of a foreign body in 


na).— After a severe coii- ^| 
he cornea, with prolapse ^H 
of the eye-ground, after ^H 
bands surrounding the ^H 
t some distance from the ^H 
nation of the eye showed ^H 
the most anterior layer ^H 




(direct method).— When ^| 
larticle of a metal cap or ^H 
globe, and after striking ^H 
. wliere it must be looked ^H 
body and cannot be seen. ^H 
foreign body has struck ^H 
the globe. ^H 



Fio. 55, e. Betinal Detachment in the Temporal Portion I 
of tbe Eye-groond. — AlLlmiiglj the itijiirv is one of about | 
twelve weeks' atuudiii^', it niuy be called a receut injury, M, 
there is not as yet uiiy (narked degree ol' opacity or wrinklings 
of the retina. The picture of the retinal detachiueDt eboim' 
one importatii phenameiion, namely, the absence of the cho' 
roiiial atriations in the detached area, the striations bdii|g 
obscured by the slight opacity of the retina, as also by the 
eubretinal fluid. In the marginal zone of the macula, whei 
the retina is thickest, the opacity is nio§t marked, ao that thi 
central depression, which is the thinnext portion, appears mursl 
bright red by contrast; on the other hand, the red colnr 
of the choroid shines through more distinctly than in other 
kinds of macular opacities, because the retina is thin in the 
region of the fovea on account of the atrophy of its elements, i 
Ocujiaionally. after the retinal delachniunt has lusted for somsJ 
time, an actual perforation may even be observed in the center! 
of the fovea. j 

The detachment, which iu this case oocupies the temporal 
(|uadrant nf the eye-ground, is quite superficial — that is to 
say, not very far removed from the choroid. In the macular 
region there is an hypermetropia of 4.0 I) ; toward the periph- 
ery the hyiiermetropia is 7 to 8.0 D, while at the papilla the 
eye is emmetropic. Vision is reduced to power of counting 
the fingers at a distance of 3 meters. 



Ftis. ■5ti. Retinal Bands and Retinal Detachment after a ' 
Fnnctured Wound of the Eye.— Fuur year;^ utWr an ineig^ J 
niticaiit injury of the eye Imm a sharp |>iec«of tin, which btt4;* 
pierced the sclera to the temporal side nt' the curnea, viBiofln 
began to deteriorate. As tlie pii/tiire shows, there was an 
grayiah-nhite exudate, spherical in Hliupe, In the outer and | 
upper portion betweeu the corneal border Hod the equator, ' 
projecting some distance into the vitreous, seen in the picturB'J 
at the left lower border. Below this exudate, which occa- J 
pied the site of the puncture {and touching it above in the ] 
picture), the retina was detached, and this detachment ei- 1 
tends some distance along the upper border. Wherever the J 
retina is detached the color is paler, and we see folds and 1 
irregular tortuous vessels somewliat darker in color than the t 
other vessels in the picture. Between the detachment (uk I 
the lower portion of the eye) and the exudate are a numbOF I 
of white bands or liues, some of which anastomose, although-| 
in the main they run in the same general direction. In tnV' 
portion occupied by theee line« there is no retinal detachment. 1 
I am unable to determine whether these bands are of the J 
game character as those shown in Fig. 55, b. For weeks theyl 
showed no change. The macular region presented abnor^fl 
mally heavy, «)mewhat irregular pigmentation. The retinali^ 
detachment is likely to increase as time goes on. 
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Pig. 57. Retinal Detachment &t the Inner Upper and 
Jnner Lower Portion of the Right Eye (imliruut nietliud).— 
At the inner upjier ]w)rtio]i there is a alight ti'ar in the 
detachniciu thruugh which the red color of the choroid is 
Wfen. Toward the naBal side there is n Btrip of retilin tliat 
has not yet become detached. Above and below this strip 
the detachment is quite marked (the detuchnient became even 
greater later on, in spite of treatment). 

In this case the detachment which hail existed for three 
months ai>{)enretl quite suddenly. Both eyes hod been oper- 
ated on thirty-five years before for lamellar or con^nital 
catunict; in the left e^e the pnpij was cloudy, but the right 
ere had fairly ffood vision up to the present time in B]>ite iif 
the aphakia. From the presence of a fine band in the ante- 
rior portion of the vitreous, which olherwiae is i|uite clear, 
it may bo siiifpected that an injury of the vitreous with pro- 
lapse oecurred at the time of the operatioii. 

This case shows excellently the great danj^r of injury 
of the vitreous, and that the retinal detachment which it 
produces may, under certain cireumstances, be greatly delayed 
— in this case tliirty-five years. 



Fig. 58. Betinal Detachment 'Solntio Retinffi) '"•1— 
laceration. — It ia not uncommon to IidiI iu retinal detaclH 
nieuta a tear or hole of varying size and shape in the detacbej 
portion of the retina. The opening is quite often surrounded 
by a slired of the membrane of a eorrea|touding outline, whio 
apiH'ura to have beeu torn out, and then reflected or puckeret 
In the present case the tongue-shaped portion of retina e^ 
tending from the lower margin of the picture toward the re^ 
appn>ximately ((uadratigular opening, m the detached porttoi 
of which it forme tlie lower border, was probably torn out of 
the detachment, and tluis produced the opening. According 
to Leber, the vitreous as it ahrinka strips the retina from tb) 
pigment-epithelium and oceasionally produces an opening cciTi 
resjKinding to a spot where it is more firmly attached to th< 
retina. Through the opening, the edges of which are somei 
what reflected, we see the choroid with its vascular strtatioi 
which ie very pronounced above, where the retina is normal an^ 
transparent. Toward the left in the picture the detachm 
is beginning to spread. At this point it is quite sup6rfici„ 
The optic nerve is invisible, being behind the retinal detach- 
ment. 



rFiG. 09. Hemorrhagic Retinitis of Pregnancy.— lu spite 
of the presence of tlie stellate figure in the macular region, 
no albumin was found in repeated examinations of the urine. 
After ihe womaii'K delivery at term, the disease, which affected 
the left eye, subsided spontaneously within three weeks. The 
entire mass of hemorrhages and white degenerated patches 
seen in the picture disappeared cotnnietely, although the 
woman was estremely anemic both before and af£r her 
delivery. Vision also was completely restored. The right 
eye was not atfected. It may he that we have to deal with 
an incompiete thrombosis of the central vein, which only 
partially occluded the lumen of the vessel. 



Fm. 60. Betinitls Circinata (recently describeil and Damej 
by Fuehs), seen in the ri;:lit eye of bd otherwise healthy nift 
seventy-seven yeara of age, whose other eye was Dormal.— 
A number of isolated and coaleaceut, glisteniug white patche^il 
closely resembling in co!or those «een in alhuniinnric retinitis'] 
and diabetes, are grouped about the macula in the form of tu 
oval. At the broadest jiortion of this girdle surrounding tberl 
macula are a Dumber of isolated whiti.vh patches and dot9).fl 
some of which resemble crystals. Here and there within o^% 
among the white patches are small round hemorrhages. The a 
white patches are traversed by the retinni vessels, which -f 
usually do not show any changes in the ophthalmoscopie ■( 
image in this disease. J 

The macular region is slighlly opatjue and the foveal refleil 
is alsent. As vision is only onc-fltlieth, it may be assumed'iJ 
thai marked signs of macular disease would otherwise appeur'l 
in the microscopic image. A little to one side of the centers 
of the fovea are a few pale palches and one dark spot whicbl 
occupies the jiigment-epithelium. In other cases marked^ 
changes were ol^erved in the macular region, consisting rfT 
yellowish -gray or yellow, irregular, wnshed-out ntitdies, J 

The rest of the eye-grouiid is normal. At the temporal 1 
bonier of the papilla there ia a narrow sickle, although thereto J 
is no myopia. 
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Fio. 60, a. Chasgu in the Eye-ground in Lenkemia, 

The case is one of splenoniedullary leukemia with enornic 
splenic enlargement iu a yoimg [mtreut ut' Prof, Eichbon 
The disea^ began about a year and a half ago. '™ 
patient dues not aa yet complain of any visual impoirmi 
Although the nuiuber of leukocytes is greatly augmei: 
the eye-ground is nut paler tlian normal; in fact, t 
are at the periphery & number of darker patches due | 
increased pigmentutinu. The moat conspicuous feature | 
that the arteries and veiue of the retina have the hi 
ing, the veins being only recognized by their tortuosity, wh^ 
is eseessive, and their increasci) diametJ?r. The color of If 
retinal vessels U almost white, tbta being due in part, | 
doubt, to the pale color of the blood, hut more {uirticula) 
to changes in the vessel-walls, especially at the periphei 
where we observe minute light and dark dots and a f 
larger pale patches; also two hemorrhages with pale cent< 
Round the optic nerve and the macula the retina is slight]^ 
opaque. The papilla is cloudy and paler than normal ai, 
its outlines are obscured. The changes are about equalfi 
marked in both eyea. 



Fig. 60, b. Olioma of the Eetina.— The picture was taken 
from a boy two and a half years of age, who came to me 
with advanced gliomatous proliferation in the left eye. A 
careful examination of the right eye revealed in the nasal 
portion of the eye-ground a small glioma, appearing as an 
oval grayish nodule with a rounded though somewhat irreg- 
ular surface. The growth was sharply outlined and the 
surrounding tissues showed no changes. The rest of the eye- 
ground was quite normal, the pigmentation is not marked, 
and the choroidal vessels are plainly seen. Although this 
nodule grew very slowly, the neoplasm in the other eye prob- 
ably spread to the brain, so that death ensued at the age of 
three and a half years. 
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Fia. 61, a, explains the ophtlml moscopic pit'ture of the I 
Retina in PernicionB Anemia portrayed in Fig. 31. — 'I'he I 
figure shows a Hiiiall jwrlioo of the rKtiua iti transverse wc- 
tion cuutuiniug the hemurrliages colored a bright red with 
eosin, espeeially in the anterior layers of the retina, They 
are especially plentiful round the blood-vessel V, where there 
is also a slight heuorrbage In the ittteruuclear (outer reticular) 
layer. 

Magiiiliol »U tiiue^. 

Fif!. tjl. b. Small Inflammatory Fociu in Disseminated 
Choroiditis fsuperficial view). — The t-horoidni vessels seen in 
Fig, 64 do not npiwar in this picture. On the other hand, 
owing to the high power, the variegated form of the pigment- 
eells of the choroia and the nnclei of the cells which compose 
the infiltrate can be made ont. The pii'ture was taken from 
a thin longitudinal section of the choroid. 

Magnified 11*2 times. 



DISEASES OF TH^ CHOROID. 

(Figs. 62-80.) 

Fio. 62. Secent DieBeminated Choroiditii.— luflaramato 
foci ill llie choroid are recogiUKeil in the main by the i , 
that they are traversed hy tlie retiual voijfiels. In the earl 
staeeB they appear either yellowish-white or grayish-whi| 
with ill'delined outlinett. The condition is sunu comnlicatQ 
by changes in the pigment and the margins of the i' 
become dark, or else the center appears more deeply colore 
In addition to the pale foci there may be a greater or lea 
□umber of darkly pigmented paurhes which may hsre a 
shape. In the case before us we have to deal with the comm 
variety where the foci in the choroid are circular in outliDi 
These patches may coalesce and thus form oblong and in , 
ular patches. NVith the exceptinu of a few at the uppt 
border of the figure, which already show a dark border, ■ 
the fflci in this ca^ are recent, as we see by the hadnesa a 
the outlines and the yellowish -gray or yellowish-red coloi 
The nasal half nf the optic nerve ik somewhat reddened a 
the veins of the retina are slightly more engorged than u 
Foci of this kind, as a rule, tend to become converted I 
white patches, owing to atrophy of the choroid, which allot 
the sclera to shine through. Proliferation of the ptgta 
as a rule, is superadded, as we see in the upper portion of H 
picture and especially in the next figure. 

The inflammation is due to accumulations of round celli 
the surface view of which is shown in Figs, (il, i, and 64, ta^ 
a transverse view in Fig. 73, o. The latter figure also showi^ 
in addition, the subsequent anatomic changes that occur iul 
this form of inflammation. 



t 




AMfcAMf rJitMkfiit.imtim 









I 



^^^■M 


Pifi. 63. Advanced Gate of 
a case of many years' standing, a 
the picture seen iu the precedin 
<»U9e of the disease is not clear. 
shows especially well the enormo 
and, in part, coaieacent patches, 
the penphery many of the black 
among the patches are a number 
owe their marked whil« color tc 
through. In places where the ci 
vessels of the membrane are more 
interruption over the entire mottl 
Bcopic findings in this disease, thi 
- choroid or from the proliferated 
^Lfathologic alterations that we hs 
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Fig. 64. Areas of Infiltration (J, J, J,) in the Choroid 
in DiBseminated Choroiditis, seen from ahove, so that the 
choroidal vt'iwels (yi'lluwi a]i|iear as iu the oiililhahnuswpic 
image, although magnified 78 times. — The stroiiia of the 
choroid between the patches is darkly pigmented (pigmented 
Intervascular spaces). While, under normal conditions, com- 
paratively few cell-naclei are found in the vessela in theee 
portions of the tissue, we find thick accumulations of them 
in this figure (J, J, J,) stained violet with hematoxylin. 
At the center of the section such an uccunuilation is seen 
around the blood-vessel. The infiumniatory area at Jj, 
bounded by a straight line, is obscured on the riffht by a 
email portion of retinal pigment-epitlielinm that adhered to 
the preparation, showing that an area of inflammation in the 
choroid may, under certain conditions, remain invisible behind 
the retinal pigment-epithelium, and become apparent only 
after it has reached a certain size or has exieteil for some 
time, and has caused the disappearance of this epithelium. 
If, however, the pigmentation of the epithelium is slight, an 
area of this kind will be seen earlier in the ophthalmoscopic 
image and appear gray or yellowish-grfly. It may also happen 
that the pigment of the choroid itself obscures small are&e 
of this kind, so that the^ are nearly or (]uite invisible, as ia 
the case in certain portions of the present picture. 

Magnified 7S times. 
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FtG. 66, a. Hyaline BodieB (Dnuen) in the VitreooB Layer 
of tbe Choroid.^TLe patient, a woqikd eixtr-one years c' 
age, had the aame condition in the eye'grouud nf the otbi 
eye, although viHioa was uormal on both sides. The patclH 
are recognized a* druseii of the viii-eoua layer hy their pnsitia 
behiQil the retinal vesseU, their yellowish- white, somewbi 
ehining color, and their tsomewhat circular outline. They b 
usually found in the neighborhood of the pupilla. " 
anntouiic appearance of tbeiie structures is shown ill F^. 't 

Fio. 66. li. Senile Pigmentation of the Setina.— The pic< 
ure was taken from a man seventy-six years old, who, likj 
many persons of ndvaiifed iige, showed pigmentation at tli^ 
periphery of the retina in boili eyes. The pigmented p 
appear in the form of fine dola irregularly distributed o 
the form of lines frequently forming more or lees dial 
pentagons and hexagons. I have Been the«e peculiar fi 
in other Rimilar cases. The visual field in this man 
normal as regards the exiemal borders, though there i 
some contraction of the color-field. There was no nyctaloiu 
Visual acuity was impaired by beginning cataract. It nia;_^ 
however, be quite good in spite of the retinal pigmentatitniiS 
as the central portion of the retina nsually escapes. 

It is not uncommon to find drusen of the vitreous lai 
in combination with thin form of retinal disease. 
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Fic. 68. Chronic Disseminated Choroiditis and Secondary 
Pigmentation of the Retina due to the Presence in the Eye 
of a Particle of a Metal Cap : direct uutlin.)).— Wliile tlie 
cliild was piiiiiniiiig tiietnl caps a biiiiiII pii-i't- of cop|>er peuc- 
triittid ibv Hclem til' the ri^liL eye, ulu^c tii tlie inner (corneal 
margin, and became surroundi;d by an exudate in the form 
of a grayish-white hemispheric mass (like the one seen id 
Fig. 56), projerting outward and downward in front of the 
equator into the anterior portion of the vitrwius. Jn the 
neighborhood of the exudate a retinal detachment occurred 
which later disappeared. Then the exudate surrounding the 
f'ireign bodv became diminiiihcd in size. For a long tiine^ 
however, a linear patcli of exudate was ^cn pacing through 
the vitreous toward the optic nerve. The exudate itself and 
the linear patch are seen in the lower right-hand portion of 
the picture, which vina miide a year and a half nfler the 
injury. In the meantime a number of patchefi. ranging iu 
color from yellowish-red to black, appeared over the entire 
visible portion of the eye-ground, especially in the inner lower 
quadmnL Immediately after the receipt of the injury a slight 
optic neuritis, and later a macular disease in the form of 
minute dotting (shown in Fig. 61, 6). made their appeaninfle. 
At the time the picture wan taken the optic nerve had some- 
what regaineil itsnormalcondltion, but the macula still showed' 
marked changes, csgwcially the dotting at the periphery. The 
pigment-patches resemble those seen in pigmentary degenera- 
tion of the retina, and probably lie for the most part within 
that membrane. 

This pigmentary degeneration is also shown in Fig. 45. o. 
which was taken from a similar case. 






^ 



Fid. f)9. Hillary Tubercles in the Choroid in Acute Hili- 
luy TuberculoBis, nn nppenmncG nut rarely seen in this 
Kdiseuse sliortly before deuth, — -The circular patches, some of 
L vhich tend to coalesce, Rre not ghnrply defined and, while 
they are email and still partiully covered by pigment- 
epithelium, show gradations in color from grayish-white to 
yellowish-white and, fiaally, yellowish-red. The larger nod- 
ules occusionally project somewhat and force tlie retina 
outward, so that they impart a currespondint; heud to any 
retinal vessel that may pass over them. Miliary tul>erclefl 
are ofl«n difficult lo distinguish from the lesioua of dissem- 
inated choroiditis, as, for instance, the form lihown in Fig. 62. 
The anatomic features of thie disease of the choroid are 
more fully shown in the transverse sections of Fig. 76, 6 
and c. 



Fia. 70. Chronic TubercnloBis of the Choroid (di 

method). — The tuberculiiiis prolit'erutioo, cuii&iEtinguf n a 
number of closely aggregated tul>ercle-iiu<lules — so^t^ 
conglobat* tubercles — lorma a slowly growiiig tumor wfl 
even with the ophthalmoscope, is seeu to be composed 
gruyiah-red itodutea. The tumoi- lies at the upper pQfl 
ueai' the periphery; its anterior border cannot m seen V 
the ophthaliiii^cope, while its posterior border issurroUB 
by ao irregular and ilkiefioed pale border of choroid « 
h of some diagnostic im|>ortance. as it shows inflamiD 
and corresponding loo»!iiing of the pigment. In addHL 
a. number of enjall diisseuiinated white and yellow cboroia 
s]iots are seen near the edge of the border, giving oiieV 
distinct impression that the tumor i? setting up inflaminq 
in its immediate neighborhood, a phenomenon which isl 
Btanlly ohiierved in tuberculous proliferation!' and distinguil 
them from sarcoma, for insiatice. We also see that the a 
nerve ia inflamed, that in to say, reddened, and not ehi 
outlined, although this may be due to the fact that the 1 
was Buflering from a complication of conglobate tuberalesfl 
miliary tuberculosis of the brain. (This cni«e, in which-l 
teacher [iloriier] for the first time diagnosed cungM 
tuberclea of the choroid in man with the ophthalm 
I have described more in detail, l>oth clinically aai t 
ically, in Griife's Archh; vol. xxv.). 






71. Sarooiiuoftlia Choroid.— The niund. blQ<ab-^j tumot with 
a somewluit innttliul sucfHc:ii, sptii in the lett hair or the picture, pntlected 
Intfl tliu vltreuus rram Tbc kkIoh ot the eqUHtur and olmcured one-bklf 
of tliu iiplic Dervc. In examining liy Ilie direct methud, If the surgeon 
mrives bin he&il la mid Tru, he will see the ed^ of the tnmur being puihed 
tomkrd the nptic nerve, sbuwinK thnt the edge of the ueoplasiii doea 
uut lie upun the uptic uerve. but Ht some disUnve in front uf it, coitB' 
■pundiiiK til the curve of the niuadiflh nodule. The noupliiam is covered 
by tlie retina. a» we see by the vetmela which travene it. The cuureo 
of the vcssrla differs somewhuC rnim tliiit iu the numial retina, being 
■lightly niun; tortuuus. The sarvomatous nature of the tumor is rerog- 
nixed Ii.T the dark color of the entira mass and tliu wiuiewbat fainter 
nioltilnK <tC the surface. A iilmpie detachment uf the retina would pre- 
sent folds. At the iowpr hiinler of the picture there is a simple retinal 
detachnieut »ucli ns frcqueutly aa:unipaiiieB tuuiocs of Ibis kiod. The 
' ' iiial. III both this and the folluwing cm 
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IB of this iniporlant form of tumor. 
whidi inii'-t lir ilitliri'iiii I'vil from cbrDuic tiibureulur proliferation (see j 
remarks m. . ..mi. m'. .j, ■ I'l- Tii) and from glioma of the retina. The I 

latterti >Mtli the ophthaliuuscope (see i-lfi. 60, (1. It J 

bai If |.i- I lire frequeutl; presenu hemurriiagea. ~. 

occurs . i.MdufllR, while sBmima of the choridd, on \ 

the olli.i I - 1 -.. .11 liefore the twelfth year, 

A (iujji1ll.i,;.1> ['^.lui uLl'I . clmroidal ffircoma may be lumiilated by ai 
invaaiiiuiiiiii of tlu-gli>iu. liy a tumor growinK on the outflide. This nmy 
oi^cur when the tumor presses upon the side of the eyeball, and thua 
gradually eauses the wall to bulfie in the equatorial region, without 
psiiclnitiiig into the interior of Iho eyeball. I have known this to ■ 
happen in two raws nf carcinuina in the anterior portion of the orbit, 
oriKinating from the upper jnw and the (svily of the nine. 

Finally, sareoma must be differentiated tlom the so-called phantom 
limiani whii^ probably originate in the retina and produce one or mo~~ 
spbDrical protninences in the anterior portion of the bulb. They a 
prubably due to cysts produeeil by senile degeneration of the retina, for 
they not infrequently disappear in a short time without leaving a trace. 
They are uiually -leon by dim-t inspection or, after the pupil has been 
dilated, by latenil illumiuatiou. 
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Fia. 72. Sarcoma of the Ch iroid. — In this c 
meDted mass is cods id era bij lar^r than in the previooa a 
Tlie tumor is hemispheric and the posterior border neares 

the optic nerve Is not seen, liecauae it is ohocurfd by tbi 
overhanffing portion of thu neopittsra. Hence the retina 
ve£se!e disnpjiear for a time anil re)ip|jcar ngnin on ibe stirfaci 
of the tumor, where their course is irr^ular. 
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Fin.73, rt. RacentDlBBBmlnatBdClloroHlltU.— TliP arena of iofiKiBtiun 
UJ] Been bere iu tniiiAveme section, instead uf rrom abure. as iii i''lg8. 
61 and M. liu twtnreii, and in Honie autea in Trout uf, the vraaels which 
are also seiiD in truiisveiw hcpUoh, and are partlnllj filled with bloud. 

Fia. TJ. b. IjitvT gtBge of Ibe diseaBe when Uie relioB is involved, that 
ia to Bay. hoR alnndj undergone eonnevtlvc-lixaue degeneration whtrevei 
it n>ineB in cuutiu't witb a ehoToiilikl foi'us, and thus b«HitneB involved in 
Ilie diaeaae. In |i1ihi« the retiita ia rpdooed to a mere connective -tiisae 
inembnn* intowhii'h the piginent (Wini the pigment-epithelluii ~ ~ „~ 
uiux to |>enetnb?. The latter is engaged iu proliferation ; Bone of the 
cells liAve lost their i>licni(rnt and in some places the epithelium liaa 
enliTcly dimppniivd, Uudumeath, thmiiKbnul (he entire preparation, 
Ihe vilrenus laytT uf the choroid (L.T.) is wen. In the choroid wo *<«* 
tev blood -vesAe Ik filled with bliiod, in tranBvene and loiiiptudiiuLl seo- 
tioii. On the whole, hownver, the growth of cuunccUve tiuuie and acai^ 
tlBBoe ia iudii'uli'd 1>y lhi.< fart Ihut the vraseU and the lugnieut are less 
promineur in iviiaiii iiliiii-. Tin' round-celled infiUnition at J Js the 
result (>r :>ii t \ 11 1 rli.Liii>ir In lilt' inflaniniatory procem. In eonie places 

the retinu iiii'l < I i>l .in- <". Iili-iitly adherent; the open apHcea Wtwcon 

thcsa adlu;.i<iii.. nlm h w w hi pari filled with eiudate and piipueut, 
have, for llii iuii~t {hiri. I<i^t their cnntenta in the preparation. 

Flu, T3, c. Ill llii9 prciwralion we do not see any recent iuflaniniKlory 
inlillnttiona. The retina snd choroid are thinned, cluscly adherent, and 
reduced to mere cicalTiclal tissue. In places the piKment-epithelium 
bos undergoni' murked pniliferation and pr(i)ect8 into the retina (sei-ond- 
ary degeneniliiiu of the retina^ cf. Fiji- 42)- In other places the pigment- 
epithelium is allogethiT wontinR. In the choniid almiMt all the vesiela 
have disappeared unit the pigment is preBcnl only in plaocB. Wherever 
the pigment and the plgment-epitbeliuni overlying it are wanting (as, 
fur initance. at the left eitrrmity of the figure), the sclera shincH 
through and IhiiB forms the white Bpnts cbanii'teri'lic of dissrminated 
chiiroidills, while the accumulations of pigment (Pi protlili-e Ihe black 
apoia Hen In the uphthaliUMCo|iic image. 

The three fignresare magnlll^ TH timra. 
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Fig. 74. Changes in the Choroid due to Violent Co&t 
sion of the Eye: Lacerationi of the Choroid. — Tlie eye W! 
severely contused by the pnper wiidding from a blank eartrntg 
A^er the blofid which had been poured out into the atiteri< 
ehaniber and into tlie vitreous disappeared, a large ar«i 
the nasal and lower side of the optic nerve and hiilf of tl 
nerve itself were seen to be covered by a whitish meiubrao 
evidently conaiating of conue«ive tissue, completely obscurir 
the retinut vessela aud the borders of the optic nerve, as ahovt 
in the figure. The outline of this meinorane consists of 
series of bizarre curves and in places i:) edged with blad 
To the nasal side there are five variously sized linear lacen 
tions in the choroid, characteristically arranged in concentri 
curves parallel with the eiguutor, their white color being du 
to the fact that the sclera shows through the tears in tti 
choroid. They are sharply outHne<l and in places slight! 
edged with black. The retinal vcbbgIs continue their coun 
over the lacerations without interruptioLi. The area betwoe 
the optic nerve and the macula is finely dotted. The rest o 
the eye-ground is normal. 



Fid. 75. Sclerosis of the Choroidal Vessels ; Disseminated 
Choroiditis and Secondary Pigmentation of the Retina.— 
This figure is taken from an iinu^Qally well-devcloi>f(i chsc, 
though we not infrequently see much less pronounced ex- 
amples in which the alterations are confined to n small 
portion of the eye-groaud. The most iinporiaiit features 
of the disease are the arterioscierosia of the choroidal vessels 
and the atrophy of the retinal pigment, so that the choroid 
becomes very distinct imd the choroidal ve.-«el?, the walls 
of which become white and opa(|ue, appear almost white on 
a dark background, instead of presenting the u^ual appear- 
ance of a red vascular plexus. These chaugea in the blood- 
vessels are most marked at the anterior pole around the optic 
nerve and gradually decrease toward the periphery. On the 
OUtitkirte of the area of greatest arteriosclerosis are a few 
white atrophic patches in the choroid, some of them with a 
pigmented border. We also see in this zone a few angular 
patches, consisting onh- of pigment, which are probably situ- 
ated in the retina. The retina is not diseased and the walls 
of its vessels show no changes. 

The experiments of Wagenniann have shown that disturb- 
ance of the nutrition of the choroid is followed also by 
atrophy and secondary pigmentation of the retina. 
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Fill. 76, a. Hfaline Bodies (Dmsen) o 
{cf. Fig. 66).— The hyaline structures, stained violet ' 
henmtosvlin. are seen upon the vitreous layer surrounded t 
the most part bv the eells of the ni^tuent-epit helium, n 
choroid ia uormnl. The retinu in tliiB tune was detached ai 
is, therefore, not seen in the figure. 

Fi.i. 76. b. Jtiliary Tiiherole of the Choroid (cf. Fig. 6fl 
— Aa the section ia near the e<jUHtor and pttrallel to i 
most of the choroidal vessels appear in transverse g«ctiu 
At the center of the tubercle there are a lew giant-cell 
The retina is not shown iti the drawing. Id mounting t) 
prepamtinn the choroid beciinie separnied from the aclei 
and the interval is in part filled with the layers of ll 
supra eh oroidea. 

The patient died of miliarv tuberculosis. 

Fid. 76. e. Large Tubercnlar Growth in the Choroid con 
poaed of Several STodules: V. transverse sectitm of achiiroidi 
vessel ; A', faseous portion uf the tubercle; R.H., giant-cull 

The three figures appear magnified 30 times. 






Fig. 76. 
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LL.D., F, R.C.S. (Hon.), Professor of Surgery. Harvard Medical School. 
Bosion ; and A. Pkarce GOULD, M. S., V. R. C, S,. Leelurcr on Pracllcal 
SufEety and Te»eher of Operaiivc Surgery, Middlewx Hospitnl Medical 
School, London, Eng. Vol. I. Gmeral Surgery.— Haaisorac octavo. 947 
pages, with 45S beautiful iltuitradons and 9 lithographic plates. Vol. II. 
S/Hcial or Rtgiomil i*r^rrv.— Handsome octavo. 107a pages, with 47" 
beauliftil iliustralion! and 8 ^Ihogntphic plates. Prices per volume : 
Qoth, ^5.00 net; Sheep or Half Morocco, (6.00 net. 
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Mlhon is ^uilly >o. Wtul l> apccotlly Id be mofn'incndcd ii ifae pnliut^iK cndavgr 
of euh liter id tnilir hit tubjecl dor and lu the point. To Ihia md pulimluly i> the 
Icchpiitue ar opnalionB iucidly dcKjibed in all iietCHary deuLi. And vilKa] ibe woc^ [■ Dp 
ID date in a very remarkabte derrae, many of the LoLetl opeiationt in the dlfTettnl reciDDiU 
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JACKSON'S DISEASES OP THE EVE. 

A Manual of Diseases of the Eye. By EnWAKD JACKSON, A.M.. M. D., 
Emeritus Professor of Diseases of Ihe Eye. Philadelphia Polyclinic and Col- 
lege for Grnduatcs in Medicine, latno, volume of 535 pages, with 178 illus- 
trations, mostly from drawings by the author. Cloth. (1.50 nel. 

JELUFFE AND DIEKMAN'S CHEMISTRV. 

A Tent-Book of Chemistry. By SMITH El.V JEI.UFFK. M. D., PH. D., 
Professor of Phnrnincology, College of Phormncy, New York ; and Georcb 
C, DicKHAN, Ph. G., M. D., Profrasor of Theorelical and Applied Phar- 
macy, College of Pharmacy, New York. Oelavn, 550 pages. illuslTaled. 
Kiady Shortly. 

KEATINO'S LIFE INSURANCE. 

How to Examine for Uk Insutnnce. Bv JOHN M. KEATING. M. D.. Fellow 
of the College of Physicians of l^iiladelphia ; Ex-PresidenI of the Association 
of Ufe Itisnmnce Medical Directors. Royal oclavo, an pages. With 

KEEN ON THE SURQERV OF TVPMOID FEVER. 

The Surgical-Complications .ind Sequels of Typhoid Fever, By Wm. W. 
Keen, M.D.. LL D.. F. R.C.S. (Hon.l. f'rofrssor of the Prisciples of Sur- 
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KEEN'S OPERATION BLANK. Second Edition. Revised Form. 

An Operation Blank, wilh Lists of Instruments, etc. Ketguired in Various 
Operations, Prepared by W. W. Kr.BN. M. D„ LL.D., P. R.C.S. (Hon.), 
Professor of Ihe l^nciples of Surgery and of Clinical Surgery, Jefferson 
Medical College, Philadelphia. Price per pad. of 50 blanks, so cts. nel. 

KYLE ON THE NOSE AND THROAT. Second Edition. 

EHnasei o( Ihe Nose and Tliroal, By D. Braden Kvle, M. D., Clinical 
Professor of Uryngology and Rhinology, JefTenon Medical College, Phila- 
delphia. Oclavo. 646 pages ; o»er 150 illiistration.s and 6 lilhographic plates. 
Oolh. t4.0o net; Sheep or Half Morocco. Js.00 net. J 
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LAIN^'S TEMPERATURE CHART. 

TemperWure Chnrt. Prepared by D. T. LAINfi. M. D. 5i» %w- 
inches. A con^cnienlly arranged Chan for ret»>r(ling Teraperaluie * 
colnmos for dniljr amounts of Urinary and Fccal Encrciions. Food ' 
marks, ele. On ihe back of aieh chart is given Ihe Brand Ireaimeni ; 
Typhoid Fever. Price, per pad ol 35 chatis, 50 eis, neL 

LEVY, KLEMPERER, AND BSHNER'S CLINICAL BACTERI- 

OLoav. 

The Elen.™is of Oinical BacierioloEy. By Dr. Ehnst Lew Proit- 
in the Univeriily nf SiraaburK. and Dr. Felix Klemperek, Pnvald-^.- 
in the Univenily of Slrasbnrg. Tninslaieil and edited hv Auijusri ■ ■ 
&.KNER, M, D.. Professor of ainlcal Medicine. PhiUdt-Iphia PulyiliJ.. 
OcUvo, 440 piigei. fully dlustraied. Qolh, $2.50 nel. 

LOCKWOOD'5 PRACTICE OF MEDICINE. Second Edition, 

RevirieJ and Enlarged. 

A \\a:.\ I , l-i ... ,,f Medicine. By George RoK LocKwoi.i' 
M. 1). 1 — -=-• '"- - ■- ■ 
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LONG'S SYLLABUS OF OYNECOLOaV. 

A Svtiabns of Gynecology, arranged in Conformlly with ' 

Tent- Book of Gynecology.*' " --- •-- - 

eases of Women and Chili] 
inicrleaved, Sl.oo rcl. 

MACDONALD'S SURGICAL DIAGNOSIS AND TREATMEI 

Surgical Dingnosii nnd Trenlmcnc. B» T- W. MaCIjon*lii. M D 
F. R.C.S. Edin., Professor of Practice of Surs-cry and Clinical S 
Hamline Univetsiiv. Handsome uclavo, 8do piiges. fully i'dusHaled 
SS.oonel; Sheep or llnlf Morocco, g6.0o ofl. 

MALLORV AND WREQHT'S PATHOLOQICAL TECHNIQ1 
Second Edition, Revised and Enlarged. 

Pathological Technique. A Practical Manu.il for Laboratory W«rk I 
P.ithology, Bacieriologv, and Morbid An.iiomv, with chaplera on F " 
Mortem Technique and the Pcrfurmjoce of Aulopsiei. Bv Fhawi 
Mallorv. a. M.. M. D,. Assi^t.itil Professor of Palhnlofy. Harvanl I 
versllv Medical School, Boston; andjAM^S H. WRlr.MT, A.M., ~~ 
Instructor in Pathology, Harvard Univcreiiy Medical School. ' 
Octavo, 43a pages, fully llluklrHled. Cloth, %-i.<x, nel. 

McCLELLAN-S ANATOMY IN ITS RELATION TO ART. 

iKeli^iencc to lh< 
d External Form.' By Geuitnii: McCuem-AN. M, D., Professor of H 
omy. Pennsylvania Acidemy of Fine Arts. Handsome quartt 
inches, llliislraled with 13B original dmwings and phoiograiili" 
of te<t. Dark Blue Vellum. $10.00 net : H.ilf Russin. ;ia.oo nc 

McCLELLAN'S REGIONAL ANATOMY. Fourth Edition. 

Regional An:iluniv in its Relnlions lo Medicine nud Surgtry. By t 

McClell^n, M, D,, Professor of Analomy at ihc Pennsylvania A 

of Fine Arts, In two handsome qunrto volume!. 884 pifcu of ti 

k. 97 full-page chromo-Uthugnphic plates, rnirudiidng tlic aUthot'K 1 

k disseciioni. Price: pgih,./ ••-*•" — .- 
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McFARLAND-S PATHOGENIC BACTERIA. Third EiHtJon, 
Increased In size by over too Pages. 

Teil-Booli upon Ihe Palhogenic Bacleria. By JOSEPH McFABI.AND, 
M. D„ Professor of Palholi^y and Baclcriology. Medieo-Chinirgical Col- 
lege. Phila,. eic, OcW™, 6ii pages, finely illuslraled. Clolh, fa.ij nel, 

MEiaS ON FEEDING IN INFANCY. 

Feeding in Eailv Infancy. By Aktuuk V. MlIGS, M. D. Bound in limp 
clolh, flush edges, as els. net. 

MOORE'S ORTHOPEDIC SURQERY. 

A Manual of Otlhopedic Surgery. By James E, Moobe, M, D., Professor 
of Onhopedics and Adjunci Pcofessoi or Clinical Surgery. Uiiiversiiy of 
Minneaoia, College of Medicine and Surgery. Octavo volume of 356 pages, 
handsomely illuslraied. Clolh, Ja.So nel, 

MORTEN'S NURSES' DICTIONARY. 

inland Nursing Trealmen I. Containing 
I and Nur»ng Temis and Abbreviations ; 
of the Inslrumenls, Drugs. Diseases, Accidenls, Trcalmenls, Operations, 
Poods, Appliances, etc. encounlered in ibe ward or in the sick-room. By 
HONNOR MOKTEN. aulhoi of " How to Become a Nurse." etc. 161110, 140 
pages, aotli, |i.oo net. 

NANCREDE'S ANATOMY AND DISSECTION. Fourth Edition. 

Essi-niials of Anaiomy and Manual of Praciicol Dissection. By Ckakles 
B, Nanceede. M, D.LUD.. Professor ofSurgery and of ainiciil Surgery. 
Univetsily of Michigan. Ann Arbor. Post-octavo. 500 pages, with full-page 

tJilclolh for dissect ion -room). Jj.oo net. 

NANCREDE'S PRINCIPLES OF SURQERY. 

Lectures on the Principles of Surgery. By CHARLES B. Nancrede. M. D.. 
LL.D,, Professorof Surgeryandof ainical Surgery, University of Michigan, 
Ann Arbor, Octavo, 398 pages, illustrated, Clolh, $1,50 nel, 

MORRIS'S SYLLABUS OF OBSTETRICS. Third Edition, 
Revised. 

SvlUbii! of Obstetrical Lectures in the Medical D^pLirltnenl, University of 
P;5nn^vlvBnin. Bv Richard C. NoRBts, A, M., M. D., Instructor in Obstet- 
n.s .ind Lecturer on Clinical and Operaiive Obsletriis, Univetsily of Penn- 
sylvania. Crown octavo, zas pages. Clolh, interleaved, (a.oo nel. 

OQDEN ON THE URINE. 

Clinical Examination of the Urine and Urinary Diagnosis. A Clinical Guide 
for the Use of Practitioners and Studenls of Medicine and Surgerv. By J. 
BbRBBN OtiDEN, M. D., lalelf Inslruclor In Chemislry, Harvan) Univer- 
»ily Medical School. Handsome octavo, 416 pages, with 54 illuslratloDS 
and a number oF colored plates, Clolh, }],oo nel. 

PENROSE'S DISEASES OF WOMEN. Fourth Edition, Revised. 

A Teil-Book of Diseases of Women. By ChakUs B. Pf.NhusE. M. D„ 
Ph. D . lormerlv P.ofessi.t ot Gvnccologj in the University of Penniylvania. 
_ Octavo volume of 539 pages, with ait illustrations, Clolh. S3.75 nel. 
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PYE'S BANDAQINQ. _ 

Elemmtmry Bandaging and Surgical Dreidng. Wilh Direcdom conotnunj 
ihe litimediBie Treatmeni of Cbms of Emetgency. By WaLTKR Pit 
F. R-C.S,. laie Sutgcoii lo Si Marys Hospiial. London. Small lama 
aver 80 illuilrations. Qolh, flexible covers. 75 ct». nel. 

PVLE'S PERSONAL HVOIENE. 

A Manual of Pi-raonal Hygiene, Ptoprr Living upon a. Physiologic Basi^ 
Eililod by Walter L, PvlE, M. D..Assislonl Surgeon 10 llie Wills !>■ 
Huspiul, PhilaiJcltihia. Oeiavo volume of 344 p.iEes. fullv illuslRKa 
Clolh. (1.50 nel, 

RAYMOND'S PHVSIOLOtiV. Second Edition, Entird 

written and Qreatly Enlarged. 

A Texl-Boolc uf l'liv«o!ogy. By justPH H, Kavmusli. A. M 
r^ofessor of Physioli^y and Hygiene in ihe Ifliig Islnnil College J 
and Director of Physiology In HobkIbhiI l.:il>aralary, New York. 
668 pngcs. 443 llluslrntions, Ctoih. (I3.S0 nel. 
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AALiNQER AND KALTEVER'S MODERN MEOiCINE. 

Modern Medicine. By jULiUs U SaLini-.I^.r. M. D.. Professor c 
leal Medicine, [efferion 'Medical College; and f. J. Kai.tevkr, M.I 
AssisUml in Clinical Medicine, JefTenon Medical College. Hai ' 
uclavo, Boi pages, illustmted. Cloth. {4.00 nel. 

5AUNDBV'5 RENAL AND URINARY DI5EASE5. 

Leclures on Renal and Urinary Diseases. By Robert Saundbv. M 1 
Edin.. Fellow of Ihe Royal Collegeof Physicioni, London, and of the Ro« 
Medico-Chinirgical Society : Profcssor of Medicine in Mason College, f 
mingham. ele, Ociavo, 434 pa^es. vi-ilh numerous illuslralions and 4 eo(& 
plales. Cldih, Sa.ionci, 
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SAUNDERS' POCKET MEDICAL FORMULARY. »xtb Ed 

tjon. Revised, 

By William M. Powell. M. D.. nmhorcf -Esicnltals of Diseases ( 
Children " ; Member of Philadelphia Pathological Society. Comalmng i^ 
foimulse from [he besi-known authorities. With an Appendix coiiulnll 
Posological Table, Fornmlce and Doses for Hypodertnic Medicatiai 
Poisons and their Antidotes. Diamelers of Ihe Female Pelvis Mid Fe« 
Head, Obstetrical Table. Diet Lists. Materials and Drugs use.1 in Aniucpt 
Surgery, Treatment of Asphyxia from Drovrnine- Sul^ical KemembraOM 

^ Tables of Incoinpiidbles. F.ruplive Fevers, etc., etc. Fleiible niorucci 
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Clinical and Operalive Surgery, Harvard Universiry Medical School 
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nei: H.ur Morocco, net. 

SENN'S QENITO-URINARY TUBERCULOSIS. 

TubercuLosis ot lliB Genilo-Urinary Oreans, Male and Female. By NlCH- 
niAs Senn, M. D.. I'm. a, I,L.L)., Pt.)t.-5i^.,r of Surgery. Rm!i Medied" 
i.^olleRe, Cbicngo, Handboiiie oiiavo volume o( 330 pages, illublraled. 
Clolh, $3.00 nel. 

SENN'S PRACTICAL SURQERY. 

Pracllnal Surgery, liy NICHOLAS SknN, M. D., Ph. D.. LL.D,, Professor.' 
of Surgery, Rush Medical College, Chicago. Handsome oclavo volumeli 
of 1133 pages. 643 ill uslm lions. Cloth. ^.00 nel; Stieep or HalfMc 
S7/x> nel. By SuiitriftiaH. 
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SOLLMANN'S PHARMACOLOQY. 

A Teil-Bookof Pharmacology. By Tob*ld Soi.LMANK. M. D„ 
Professor of Phatmacology and Malena Mcdlca. Wesiern Kt^erv. 
uty, Cleveland, Ohio. Royal octavo volume ot B94 pages, fully ij 
Cloth. J3.7S net. 
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(SreLWAQON'S DISEASES OF THE SKIN. 

Disuucs .if the Skin. Ily HfcNKV W. Stki.wagon, M. D , Clinical I>ro- 
feasor of Dermatology, Jefferson Medical College, Philadelphia. Royal 
oclavo of 107s pages, with lao irsl-culs and a6 half-lone and colored plates. 
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STENQEL'S PATHOLOaV. Third Edition, Thoroughly Rcvtad. 

A Ten-Book of Pathology. By ALFRgn Stencel. M. D.. ProfaMr jl 
CUnica] Medicine. Univeiul)' of Pennsylvania : Viiiting Physidu U> tit 
Pennsylvania Hoipilal. Oclavo. 873 pagea, nraily 400 illiu'ioiigiu niu| 
of Ihem in colon. Clolh, fs.oo ne< ; Stiecp or Half Morocco, fb.aa aa. 

STCNQEL AND WHITG ON THE BLOOD. 

I The Blood in ila Clinical nnd Pmhological Relations. By Alfhed Stci- 

RRL, M. D.. ProfESSor o( Clinical Medicine, L'niver&ity of PennsvlTania- ml 
C.Y. WHITE. JR.. M.D., Inslruclor in Clinical Medicine, Univenin of 
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STEVENS' MATERIA MED1CA AND THERAPEUTICS. Thlrf 
Edition, Entirely KewrltUn and Qreatly Enlarged. 

A Tcsi-Bonk o( Modem Therapcniics. By A. A. Stevens, h M M D.' 
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STEVENS- PRACTICE OF MEDICINE, nfth EdfUon, Reviaari 

A Manual of ihe Preclice of Medicine. By A. A. Stevkns. A.M. MI 
Leciurer nn Riysical Dlagnoib in Ihe Univeraity of Peaiuylvimi)^ 
cially intended for slodenls preparinj; for graduadon and hospital ezag 
lions. Post-ociavo, 519 pages -. illustniled. Flexible Leather, ^.oo ne 

STEWART'S PHVSIOLOOY. Fourth Edtthm, Revised. 

A Manual of Physialosy. with Practical Exercises. For Studenls and F 

liiiontra. By G. N. Stewart, M. A., M. U , D. Sc. Protessor of Phy 

ogy atid Hisiology. W.-srern Reserve Univeraity. Cleveland. Ohio. Ocuwi 
8<n p-iges; 336 illustrations and 5 colored plates. Cloth, S3.75 net. 
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STONEV'S NURSINQ. Second Edition, RevlMd. 
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STONEV'S SURQICAL TECHNIC FOR NURSES. 

Bacteriology and Surgical Technit for Nunes. By Ihe late EMILV A. 1 
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WARREN'S SURQICAL PATHOLOOV. Second Edition. 
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WARWICK AND TUNSTALL'S FIRST AID TO THE INJURED 
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First Aid to il.e Injured and Sick. Bv F. |. Warwick, B.A., M,B, 
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VOLUMES NOW READY. 
' ATLAS AND EPITOME OF INTERNAL MEDICINE AND 
CLINICAL DIAQNOSIS. 

By Dr. Chr, JaKOH, of Erlangcn. Edited by AUGUSTUS A, I^HNeR, 
M. D., l*rofe3SOr of Clinical Medicine. Philndelphia Polyclinic. Wilh 179 
colored figures on 68 plales, 64 teit-il(u5(raIions, 359 pagcj of text. Cloth, 
f 3.00 net. 

ATLAS OP LEQAL MEDICINE. 
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